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THE PURE DELIGHT 
EpgarR V. ALLEN, M.D.* 
ROCHESTER, MINN. 


Hk title of my presentation, **The Pure Delight,’’ is quoted from Mark 
Akenside, a portion of whose work, ‘*The Pleasures of Imagination,”’ 
published in 1744, reads as follows: 


Speak, ve, the pure delight, whose favored steps 
} » ve, } s } 
The lamp science thro’ the jealous maze 

Of nature guides, when haply vou reveal 


Her secret honors. 


Those few words of Akenside characterize the spirit of the Central Society 
for Clinical Research, the members of which are guided by the lamp of science, 
to the end that they may reveal the seeret honors of nature and thus achieve 
the *‘pure delight.’ Beeause Akenside was a physician, you may be interested 
in knowing more of him. He wrote ‘*‘The Pleasures of Imagination’? at the 
age of 25 years, while he was completing his medical studies at Leyden. There- 
after, he became physician to St. Thomas’ Hospital and physician to the queen. 
He delivered the Gaulstonion lectures in anatomy before the Royal College of 
Surgeons and, in 1759, the Harveian Oration. Akenside wrote widely, both 
poetical compositions and expository material on medicine, but nothing of his 
was commended as highly as **The Pleasures of Imagination.’’ In the ‘* Hymn 
to. Science’” is a passage of some beauty, of considerable dignity, and expressive 
of earnest aspiration : 

That last best effort of thy skill, 
To form the life and rule the will, 
Propitious power: impart. 

Teach me to cool my passion’s fires 
Make me the judge of my desires 
The master of my heart. 

Raise me above the vulgar’s breath, 
Pursuit of fortune, fear of death, 
And all in life that’s mean; 


Still true to reason, be my plan 3 
Still let my actions speak the man, ; 
Through every various scene. 4 


Akenside died of a ‘‘putrid’’ sore throat. The thought is poignant that 
efforts expended in pursuit of that pure delight which he exalted in 1744 might 
have been the means of saving his life had the infeetion which overwhelmed him 4 
in 1770 descended on him, instead, 175 years later. 
—— ed 
Presidential address, Twenty-second Annual Meeting of the Central Society for Clinical 3 

ey 


Research, Chicago, Ill., Nov. 4 and 5, 1949. 
*Division of Medicine, Mayo Clinic. 
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THE PURE DELIGHT 


If there be those here who worship only at the altar of pure science and 
who question how I, a c¢linieian, can presume to make offerings at another 
altar within the same conscerated grove, may I, without offense, recall the 
words of T. H. Huxley, written almost 100 vears ago: ‘‘Seience is nothing 
hut trained and organized common sense, differing from the latter only as a 
veteran may differ from a raw reeruit; and its methods differ from those ot 
common sense only as far as a guardsman’s eut and thrust differ from the 
manner in which a savage wields his club.”’ 

Something of this profane, or at all events less than devout, spirit) may 
have stirred within the minds of the founders of this Society, of whieh I was 
one, when they established an organization for clinical research. The word 
‘‘elinieal’’ earries with it, from its origin, the connotation of the sickbed. 
The Society was formed, therefore, to encourage and support the gathering 
of accurate data, at the bedside, by means of scientifically actuated observation 
of patients. That, without any of the unfavorable implications which the 
insufficiently informed sometimes associate with the word, is research, and the 
annual meetings are held to furnish opportunities for reporting such research. 
I am aware that we of this Society eannot live wholly in the past and that 
change may be synonymous with growth. Consequently, I do not believe it 
wise to insist that reports at these meetings be limited to clinical research. I 
would greatly lament, however, any wide deviation from the intention of the 
founders. This Society properly is concerned, I believe, with researeh whieh 
has direct application to the understanding, diagnosis, and treatment of the 
illnesses of human beings. 

It is clinieal research which I consider the ‘‘pure delight.’’ The well- 
equipped devotee of this science has broad knowledge of medicine, manifests 
refreshing vigor for work, and is impelled by insistent impatience with the 
unknown. He is intensely dissatisfied with incomplete or uncertain knowledge. 
He foregoes the emotional thrill of uttering superficial half-truths for the 
austere satisfaction of critically and tirelessly pursuing facts. He knows that 
precedent often embalms a principle. When offered the choice between work 
and repose he chooses work without hesitation. He beams with pleasure at each 
small addition to the total of medical knowledge. He is in the bright fore- 
ground of a dark canvas; his progress epitomizes the advancement of the heal- 
ing art from the barber surgeon to modern times. He is, in my estimation, 
the most favored of all in the entire scope of medical practice. 

Yet his task is not, and probably never will be, completed. It is the 
responsibility of this Society to increase his numerical strength, to augment 
his ardor, to protect and nurture him. In the next few minutes I shall point 
out some of the conditions which will inhibit the Society in its attempt to 
discharge its duties. 

INADEQUATE FINANCIAL COMPENSATION FOR THE INVESTIGATOR 
*lecius, art thou looking now with envious eye at the rieh treasures of 


the Arabians we 


his books to adventure. Possibly, however, Iecius had no choice. Certainly 


Thus Horace deplored his scholar friend turning from 
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too often modern medicine binds its servants in science with the fetters of 
economic slavery, adhering to the anachronistic practice of paying them by 
title. Whether society likes it or not, in medicine as in industry eminence 
is measured in large part by economie reward. The best men seek the best 
pay. Adequate financial reward is not denied any large part of the great 
body of practitioners of medicine, those who interpret science for the benefit 
of the patient, for most of them are independent workers, not on salary. 
Too often, however, those engaged in research are treated as publie servants 
are treated. For little reward, they are expected to give much. Too often the 
research worker, if he or his wife lacks independent income, must accept a 
low standard of living and buy his groceries with a title. It is to the credit 
of many such workers that they have not been dismayed nor their energies 
suppressed. I believe that advancement in industry would have been greatly 
retarded had financial rewards for investigators in that field been as inadequate 
as they are in medicine. Not all investigators will remain in academic bondage 
and yet continue to give of their best. The ‘‘pure delight’’ of science is not 
enough, 
THE SCHISM BETWEEN RESEARCH AND CLINICAL PRACTICE 

Medical research has but one goal, the understanding and relief of illness 
of the human being. In general, the talents of the investigator in medicine 
will flower most fully only when he understands the needs of patients. Can it 
be possible that we of this Society are naive enough to believe that the investi- 
gator can know these needs when he is isolated from them? I suppose it is 
important to know something about the testicular secretion of the Egyptian 
ground flea. I am aware that discoveries which are very important to medicine 
are made by those whose endeavors are in the field of pure science, and that 
truth is where one finds it. It appears at present, however, that the return for 
each expended research dollar is inadequate because the investigator too fre- 
quently does not understand the problems of human illness. and it seems clear 
that the prepared mind of him who does understand these problems would be 
more likely to be capable of delivering the desired value. 

Just as the research man may be too much shut away from the bedside, 
however, so may he be too much excluded from the laboratory by an over- 
burden of clinical duties. Such a man, too, although perhaps a gifted clinical 
investigator, will fail to achieve his greatest potentialities. 

I believe that those possessed of talent both for researeh and clinical 
practice must neither isolate themselves in shining laboratories nor yet permit 
themselves to be submerged in the daily routine of clinical practice. I do not, 
of course, subseribe to the obviously faulty notion that a good clinician is 
necessarily a competent medical investigator, nor to the equally invalid idea 
that a good medical investigator is necessarily a competent clinician. I belittle 
neither the accomplishments of the clinican nor those of the investigator. 
Rather, I emphasize a conviction that those endowed with the talents both of 
investigators and clinicians insist that ‘hey be permitted to be both. This 
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insistence, however, will be without effect if over-all authority cannot or will 
not hear. There is need for broad vision on the part of each administrator, an 
understanding of basic needs, so that he may stand with the investigator, the 
two united in a common purpose and an unwavering resolution that medicine. 
and thus mankind, may profit in the greater accomplishment of both. 


MISPLACED EMPHASIS 


The third inhibitory trend with reference to research is failure to place 
the emphasis on the important subjects. Major problems relative to organic 
disease which are most in need of solution in the United States today are in 
the fields of hypertension, arteriosclerosis, and intravascular thrombosis. In 
this country, 8,000,000 or more persons are victims of these diseases. They 
kill each year, in these same United States, more of our citizens than were 
lost in all of World War II. They kill two or three times as many as succumb 
to cancer, five times as many as meet with fatal accidents, about eight times 
as many as die from pneumonia, and about nine times as many as lose their 
lives from tuberculosis. To cite more comparisons of this sort would be 
superfluous. 

Now, let me consider with vou what is being done about the circulatory 
diseases named. In the United States and Canada, in 1947, only about 
$2,000,000 was spent for research on hypertension, arteriosclerosis, and intra- 
vascular thrombosis combined. The record for 1949 already is much better, 
owing to the efforts of the American Heart Association, The American Foun- 
dation tor High Blood Pressure, and the United States Public Health Service. 
The budget for the Sister Kenny Foundation for 1948 was almost $2,500,000, 
a sum applied to give help in a few thousand eases of infantile paralysis. The 
National Cancer Institute recently accepted $14,000,000 from the United States 
Government for research. In 1947, that government spent $465,000,000 on 
military development, the main purpose of which, necessarily, is to kill, maim, 
and disable. I do not begrudge these amounts, necessarily allocated; I only 
decry the smallness of funds available for research in hypertension, arterio- 
sclerosis, and thrombosis. 

By now my point should have been well made, but I may re-emphasize 
it by relating that the national bill for distilled liquors is more than $5,000,- 
000,000 annually, that citizens of the United States tip waiters and waitresses 
$400,000,000 annually, and that American women spend about $500,000,000 
annually for cosmetics to make themselves attractive to men or to excite the 
envy of other women. And if you are not yet entirely groggy, let me tell you 
that men of this country spend $50,000,000 annually for toiletries. 

Let it be supposed that American medicine had $50,000,000 annually for 
research on vascular diseases. What could be done with it? I have no doubt 
that in the United States there exists the scientifie and technieal skill to delve 
deeply into the existing problems, although the fullest utilization of these 
skills might require some time. It would be necessary that a plan be carefully 
formulated by the best minds which could be interested to form one. Probably 
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some additional special laboratories would be required. Chemists, physiologists, 
physicists, endocrinologists, clinicians, and neurosurgeons would have to be 
recruited to work under provisions which would given them security for a 
long time. Many drugs, biologie preparations, and methods would have to 
be therapeutically evaluated by experts. 

Could the problems be solved in this way? I assume that they could but 
I do not know. Cer*oinly, they cannot be solved by armehair research. Con- 
certed and sustained effort is needed. 

It appears clear, therefore, that hypertension, arteriosclerosis, and intra- 
vascular thrombosis are major illnesses which, among others, should receive a 
fuller share of the energies and abilities which are devoted to research, It is 
the misfortune of us who are here today, and of our fellow men, that these 
energies and abilities too often are dissipated on trivialities, of little more im- 
portance to civilization then the arguments of the medieval schoolmen who 
could endlessly debate such questions as whether one angel can oecupy at the 


same time the same space as another angel. 


THE SEDUCTION OF COMPETENT CLINICAL INVESTIGATORS 
BY DEPARTMENTS OF ADMINISTRATION 


To me, as I have said, clinical research appears to be the apex of ambition, 
the acme of attainment, but realism prompts the observation that clinical re- 
search lies under a cloud, however small, of adverse opinion, and that too 
often it is but a step to something which is considered to be better. In my 
estimation there can be nothing better. Yet, too often, it is assumed that a 
good investigator is a good administrator. This is sometimes true—for ability 
often can be turned to account in any direction; sometimes, however, it is false. 
In any case, many who are brilliant in research are seduced into administrative 
positions with the bait of academic title or the intangibles of ‘*better position.’’ 
Under such circumstances, a sharp sword in the service of medicine becomes 
dulled on the necessary but scientifically sterile stones of administration. 
There seems little reason to doubt that the situation just discussed is a major 
cause for the sharp decline of investigative productivity, in medicine, of those 
who attain the fifth decade of life. Few can withstand the enticements of 
administration. Let all of us here beware, for, if a man can serve but one 
master, let that master be the ‘‘pure delight’’ of clinical research for him who 
is qualified. 

There is a single hope for the clinical investizator who dons the mantle 
of administration. If he is possessed of broad knowledge and experience, and 
if he is wise, he may stimulate and guide others in many avenues of research 
and thus multipiy himself many times. 


THE QUANTITY AND QUALITY OF MEDICAL WRITING 


It has been estimated that of 23,000 periodicals published between 1900 
and 1933, 5,000 of them were medical periodicals. That is not to say that 
9,000 medical periodicals were published, at that time, in any single vear. At 
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present, however, I believe that the Army Medical Library does receive about 
this number of periodicals dealing with medicine and related subjeets, and 
the guess has been made that 5,000 periodicals published through a single year 
might represent about 11,000,000 pages. If these pages were stacked one upon 
the other, they would tower 365 feet into the air, and if laid end to end they 
would reach 1,800 miles, sav from Chicago to Seattle. The declaration has been 
made that between 1913 and 1932, some 1,280 papers were published on excision 
of the tonsil; hardly a new or complex subject. Also, it has been said that there 
are in print some 41,000 articles on tuberculosis. I mention these entertaining 
observations only to indicate the absurdity of the situation. Yet, anfortunately, 
there is a great tendeney, in what medicine mistakes for the learned world, to 
measure a man’s worth by the bulk of what he has written rather than by the 
quality of it. Yet we of this Society know from experience that what any of us 
has to sav in one presentation can be delivered in ten minutes or written in about 
300 words. 

Some who have been willing to listen to me until now may have noticed, 
and may have disapproved, my parenthetical remark about medicine mistaking 
something or other for the learned world. Yet, I am told that the scholar, 
trained to read accurately, to think consecutively and, with infinite care, to 
record only that which before has not been recorded or sufficiently interpreted, 
will find little in a medical atmosphere which he ean recognize as scholarship 
He will applaud the amazing technical proficiency with which the physician's 
vocational training endows him but, if he reads in the medical library, he will 
deplore the plethora of redundant material, the incoherence, the faulty sentence 
structure, the inexact quotation, and the wretched arithmetic. 

The fault lies, I believe, not greatly with the physician himself—he cannot 
know that with which he never was made acquainted. The fault ean be identi- 
fied, I believe, as a blind spot in the eyes of those who direct edueation, in- 
cluding premedical education: the failure thoroughly to ground young students 
in grammar, rhetoric, compoesition—those essentials to competence in exposition, 
written or spoken. There grows from this deficiency an unhappy situation. 
A major part of the contact which a physician can effect with his patients, 
with his public, and with his professional colleagues is by means of what he 
writes and says; vet he never has been taught to write, to speak—or to refrain 
from writing or speaking. 


THE VITALITY OF THE PURE DELIGHT 


I have no Ariadne’s thread to guide us of this Society through our private 
labyrinth. We represent some of the best talent in clinical researeh. We do 
not lack the ability to solve our problems although we may, through collective 
indifference, lack the will. Even though flaws may persist in our over-all pro- 
gram, the beacon of clinical research, to which our Society stands in the position 
of tender of the light, bids fair to shine as long as free men are endowed with 
curiosity. God grant that that shall be forever! 











THE EFFECTS OF 4-HYDROXYCOUMARIN ANTICOAGULANT NO. 63 
UPON THE PROTHROMBIN TIME IN DOGS AND HUMAN BEINGS 


W. D. BartLe, M.D., R. T. Capers, B.S., O. Stpney OrTH, M.D., AND 
Ovip O. Meyer, M.)). 
MADISON, WIS. 


WirH THE TECHNICAL ASSISTANCE OF Doris M. KurTH 


HORTLY after the anticoagulant Dicumarol, 3,5’-methylenebis (4-hydroxy- 
coumarin), was discovered, characterized, and synthesized in the laboratory 
of Professor Karl Paul Link in 1940, many derivatives and analogues were 
synthesized and tested for anticoagulant action.’ The goal sought was a 
4-hydroxycoumarin with about the same hypoprothrombinemia-inducing ¢a- 
pacity as Dicumarol which simultaneously produced less toxic effect on small 
blood vessels. About 300 compounds structurally related to Dieumarol were 
appraised via the standardized assay with rabbits as the test animal.* The 
work had to be interrupted in 1944, and in September, 1947, Dr. Lester D. 
Scheel, assisted by Miss Dorothy Wu, began to restudy in the mouse, rat, 
rabbit, and dog the most promising members of each group.’ Attention was 
given not only to activity per se as reflected by the prolongation of the 12.5 
per cent plasma prothrombin time, but also the time of appearance of visible 
hemorrhage, the site of appearance, and survival time resulting under con- 
tinued administration of the anticoagulants were carefully noted. Scheel con- 
cluded from his study that 4-hydroxyeoumarin anticoagulant No. 63 appeared 
as a strong competitor, if not as a superior product, to Dicumarol.’ 4-Hydroxy- 
coumarin anticoagulant No. 63 is 2-methyl-2-methoxy-4-phenyl-5-oxodihydro- 
pyrano-(3,2-c)(1) benzopyran. It was originally synthesized in Professor 
Link’s laboratory by Dr. Myoshi Ikawa late in 1942‘ and its initial high aetivity 
in the rabbit was reported.2- In May, 1949, Scheel and Link supplied us with a 
memorandum on 4-hydroxycoumarin anticoagulant No. 63 and a pure sample 
prepared by Scheel for clinical testing. The first public announcement of this 
work was the paper by Scheel, Wu, and Link.® 
The purpose of this report is to show some effects on the prothrombin time 
of 4-hydroxycoumarin anticoagulant No. 63 in dogs and human beings. It is 
a colorless, stable product readily prepared in chemically pure form. Its 
solubility in water is of the order of 1/100 the 10 mg./100 ml. value assigned 
to Dicumarol. In the dog and in human beings 4-hydroxycoumarin anticoagu- 
lant No. 63 is more potent on a milligram per kilogram basis than Dicumarol. 
When it is given to dogs over a period of days, the degree of anticoagulant 
action is greater and its duration longer than that of Dicumarol without the 
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appearance of hemorrhagic manifestations. The unpublished work of Scheel 
and Wu indicates that vitamin IK will correct the anticoagulant action in- 
duced by 4-hydroxycoumarin anticoagulant No. 63 just as it does with Dieu- 
marol.® 

METHODS 


For this study the e/fects in the dog of orally administered single dosages of 1, 2, 5, 10, 
20, 50, and 100 mg. per kilogram and daily repeated doses of 5 mg. per kilogram were used. 
Scheel found that the maximura change of the 12.5 per cent plasma prothrombin time of 
dogs under the conditions that he used was realized when the compound was given in a 
vegetable oil. However, in the work reported herewith, it was given to dogs in erystals 
fed in hamburger sinee there was no significant difference in effeet. Prothrombin time 
determinations, using Difco thromboplastin, were done by the Link-Shapiro modification 
of the Quick method on 100 per cent plasma. At least three dogs were tested with each 
single dosage and seven dogs were given daily repeated doses until they died of chronic 


effects of the drug or were fed for thirty suecessive days. 


Prothroinbih Time 








Fig. 1.—Responses in dogs from a single administration of the indicated doses of the com- 
pound, Curves represent averages of three animals for each dosage. 


RESULTS 


The effect of 4-hydroxycoumarin anticoagulant No. 63 on the prothrom- 
bin time in single doses in dogs is shown in the composite graph of Fig. 1. 
No dogs died from single doses of even as much as 100 mg. per kilogram. The 
maximum hypoprothrombinemia was obtained in three to five days and the 
prothrombin times returned to normal in five to seven days. There were no 
deleterious effects noted in dogs given large single doses, and thus acute toxicity 
studies were negative with doses up to 100 mg. per kilogram. With daily 
doses of 5 mg. per kilogram, six of seven animals died within thirty days. 
Fig. 2 is representative of the effect on the prothrombin time of such an amount 
given daily. The number of daily administrations before death of the ani- 
mals was six, nine, nine, eighteen, twenty, and thirty respectively. 
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Gross pathologic findings in the six dogs that died included bilateral 
hemorrhagic pleural effusion and subcutaneous hemorrhages in three; hemo- 
pericardium in one; in one pregnant dog massive uterine hemorrhage, and in 
another, death of the fetuses and later of the mother with hemorrhage of the 
Fallopian tubes and ureters. Microscopic findings consisted of slight to ex- 
tensive edema of the lungs in three dogs and extensive hemorrhage of the lungs 
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Fig. 2.—Typical response in the dog to the daily administration of 5 mg. per kilogram of 


the compound. 


in one animal. There were no abnormalities in the liver, heart, pancreas, 
adrenal, or kidney except for slight hemorrhage in the renal tubules in one 
dog. The spleen always revealed phagocytosis of blood pigment. The Iymph 
nodes showed follicular and simple hyperplasia, and one node was necrotic 
and degenerative in the center. Sternal marrow study revealed a tendency 
to erythrocytic hyperplasia. In the doses given, no toxic lesions of small 
blood vessels as previously described following lethal doses of Dicumarol’ were 
observed in any of these six dogs. This is in complete agreement with the un- 
published findings of Scheel.* 

4-Hydroxycoumarin anticoagulant No. 63 was cautiously given to fifteen 
patients as the powdered drug in gelatin capsules. There were nineteen sepa- 
rate trials. Thirteen trials consisted of single doses and six trials were with 
repeated doses. Prothrombin determinations again were done by the Link- 
Shapiro modification of the Quick method, but with the optimum caleium con- 
centration for human beings as recommended by Stewart and Pohle.* The 
effects on the prothrombin time in each patient are shown in Table I. A 


Fig. 
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TABLE I. THE Errect OF ORAL ADMINISTRATION OF 4-HYDROXYY 


PA \GI WEIGHT 
NO.) TIEN DIAGNOSIS (YR.) | SEX ( KG.) l 2 3 } > 6 7 S y 
~1/G.D. | Myocard. 62 | M 71 | 12.1* | 13.2)17.2] 18 | 15.4] 18.5 15.8) 144 
infaret. Tot 3D D0 
S1WeG. Thrombophle- | 49 M 79 11 14.7) 19 15.4] 16.6 | 14.5) 14.9 | 16.6 [17.6 
bitis, leg * 150 40 | 
3] Kx. N.| Myoeard. 50 I" 73 11.6 13.1) 12.8 | 11.9) 11.8 | 11.9) 13.5 | 15.6] 18.5 
infarct. 150 25 ‘Am hs fo \to 50 125 
t) \. kX.) Rheumatoid 69 IK 1S 1] 12.6] 12 - 15.4} 14 15.8 19 | 15.4 
arthritis 100 | 25 |25 25: 125 oh 425: 125. (Zo 
5| A. WK. | Rheumatoid OD KF 1 1] 11.5) 14.7 14,2) 12.7 - 15.4 | 14.7) 12.3 
arthritis Gi) 15 50 
“6 P.Y. Ly pochon oy M 4 12 12 |17 16.4] 16.4 | 15.9) 15.8 | 15.7) 15 
driasis 100 | 
~7/E.E. | Hodgkin's 1] I 32 12.8 | 14.6/19.7| 18 | 19.7 | 18.5) 18.5 | 22.5) 20.2 
| disease aes) 

8!R.S. | Rheumatoid 50 K 5] 11] 11.9) 13.8 | 15.4 14,2/12.7 | 14.9) 11.7 
arthritis 100 | 
~9{L.C, | Parkinson's | OM v4 | 11 13.2)20.7/19.7/15 | 14.5/14.5 | 11.7 

syndrome 200 | | 
lv | H.T. | Chronie cho OT M 70 1] | 1] 14.8 | 15.6) 15.2 [74.8] 12.6) 11.8 
lecystitis 140 | | | 
11) A.W.) Rheumatoid 69 I 57 2 12 114.8] 14.5] 23.5 | 16.6]14.9 | 14.2} 12.7 
arthritis 115 | 
12/6... Coronary $2 M 67 1] 1] 11.8 | 14.6] 14.6 | 19.3)12.3 12.3] 11.5 
sclerosis 33 
13) A.W.) Rheumatoid 69 | #F 54 (| 11 11 | 19.7 | 23.6/20.7 | 16.6/15.6| 15 13.4 
arthritis 100 
14) 1h. i. | Coronary 42 | M 67 | 12 a DE 17.6) 17.9 | 15.6) 14.9] 14 [12.5 
sclerosis 135 | 
10) T. FL | Reactive 60 | F S4 1] 12 114.5] 14.9) 12 11.9/11.6 | 11.6} 11 
depression 170 | | 
14H) A. kK. ! Rheumatoid OD 2 }] 1] 1] 14.6) 19 2251 185 15.6 15 A. 
arthritis | SO. | | 
17) A.J. | Rheumatoid IS | 66 11 11 {16.6} 15.2 12.8) 1] 
| arthritis 135 
I8|.J.M. | Anxiety ten 12 M 8? 12 12 |20.71] 14.6} 12.6] 12. 
sion state 165 
19 | M.G.) Careinoma, 67 i GS 11.5 Sioa) 207118 
breast 70 
Daily control prothrombin time: 11 to 12 seconds. 


Prothrombin time in seconds. 
*7Doses of 4-hydroxycoumarin No. 63 in milligrams. 


single oral dose of 2 mg. per kilogram was found in most instances to produce 
a desired therapeutic prothrombin time within twenty-four to forty-eight 
hours. The prothrombin time returned to the pretreatment level in’ twelve 
of the thirteen trials with a single dose in an average of 8.75 days with ex- 
tremes of four and fourteen days. One patient (No. 7) who had widespread 
Hodgkin’s disease, evidence of hepatic dysfunction, and a pretreatment pro- 
thrombin time of 12.8 see. (control, 11 see.) did not have a return of pro- 
thrombin time to the pretreatment level prior to discharge thirteen days later. 
Fig. 3 is representative of the effect of a single dose of 2 mg. per kilogram 


on the prothrombin time. In five of the six trials using repeated doses, an 
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initial dose of 2 mg. per kilogram was given, and it was not difficult to main- 
tain prothrombin times at desired levels by administering 0.5 to 1.0 me. per 
Patient G. D. (No. 1) had a pre- 
treatment prothrombin time of 12.1 see. (control, 11 see.) and was given only 1 


kilogram at intervals of one to four days. 


Fig. 4 shows the effect on the prothrombin time 
Patient A. K. 


doses of 0.5 mg. per kilogram after an initial dose of 2 meg. per kilogram. 


mg. per kilogram initially. 
in a patient given repeated doses. (No. 4) was given daily 
On 
the twelfth day of treatment the patient developed a urinary tract infection 
with daily temperature elevations of 101 to 104 Coineident with 
the fever there was an apparent increased resistance to the effect of 4-hydroxy- 


for five days. 


coumarin anticoagulant No. 63 even though dosage was raised to 1 me. per kilo- 
gram daily. With a sudden subsidence of fever, an increased prolongation of the 


AND PROTHROMBIN ‘TIME 1. 
COUMARIN No. 63 UPON THE PROTHROMBIN TIME IN HUMAN BEINGS 
DAYS 

11 | 12 | 13 | 14| 15] 16] 17{ 18] 19] 20] 21{ 22] 23] 24] 25] 26] 27 | 28] 29 
15 | 14.2 15.8] — | 16.6/18.5 | 18.5/14.6 | 20.7/20.7| — |14.5| 14.7/ 16.2) — 14.1] 15.4] — | 15.8 
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25 | 125 [50 | 25 {25 | 25 | | 25 |50 | 50 125 

[14.1] 12.2)11.8] 11.6/11.7 | 16.2] | 15.8] 12.2] 13.5] 

25 |25 | 25 |50 | 50 [50 | 25 | 125 |50 | 50 

20.7] 12.7 | 12.1/11.9 | 13.1| 117] 1] ~ | 
2 | ae | | | 

13.2)15_ /12.5)12 | 

Pe a oe 
~ || - [1527 
a 

14.5] ju ft 

a2) ee | 

-—/11 








14 BATTLE, CAPPS, ORTH, AND MEYER 


prothrombin time was promptly noted. Whether or not fever or infection is 
a factor in reducing the effect of this drug on the prothrombin time cannot be 
concluded from this one observation. In these patients there were no changes 
in the complete blood count, in urinary findings, nor in a group of hepatic 
function studies including cephalin cholesterol, thymol turbidity, ie¢terus  in- 
dex, serum bilirubin, urinary urobilinogen, and serum protein determinations 


done prior to and after treatment with 4-hydroxyeoumarin anticoagulant No. 63. 


DISCUSSION 


An optimal effect from a single dose of 4-hydroxycoumarin anticoagulant 
No. 63 was usually obtained in twenty-four to forty-eight hours. This is some- 
what shorter than the period of optimal effect of a single dose of Dicumarol. 
A major disadvantage of Dicumarol which prevents its more common use is the 
requirement of frequent prothrombin determinations. This has not been over- 
come so far in our experience with 4-hydroxycoumarin anticoagulant No. 65. 
However, it is possible that as greater experience with the new anticoagulant 
accumulates a certain fixed dosage for each patient may be given either daily 
or every third or fourth day and that the necessity for frequent prothrombin 
determinations might be curtailed. The possibility of producing hemorrhage 
with Dicumarol, although slight if frequent prothrombin determinations are 
done, is nevertheless a real disadvantage. From our experience with dogs, 
it seems that with 4-hydroxveoumarin anticoagulant No. 63 the degree of anti- 
coagulant action can be greater and its duration longer than that of Diecu- 
marol without the appearance of hemorrhagic manifestations. The micro- 
scopic findings in the dogs given lethal doses of this compound do not reveal 
evidence of toxic lesions in the small vessels such as have been reported with 
lethal doses of Dicumarol. It seems established that the potency of the 
4-hydroxycoumarin anticoagulant No. 63 is two to three times that of Dicumarol, 
but this in itself cannot be construed as advantageous. The mechanism of 
action of this new drug has not been established, nor has it been precisely 


determined for Dicumarol. 
SUMMARY 


Some effects on the prothrombin time in dogs and human beings of the 
4-hydroxycoumarin product No. 63 |2-methyl-2-methoxy-4-phenyl-5-oxodi- 
hydropyrano-(3,2-¢) (1) benzopyran| have been established. Some similarities 
to and differences from Dicumarol have been ascertained. Desired distinet 
advantages over Dicumarol have not been proved as yet. Further investigation 


will be necessary to evaluate this compound more fully. 
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PROTHROMBIN DETERMINATIONS IN DICUMAROLIZED PATIENTS; 
A COMPARISON OF THE ONE-STAGE AND BEDSIDE METHODS 


DANIEL W. Lewis, M.D., F. L. Munro, Pu.D., aNnpb Murten Pharr MuNro, Pu.D. 
PHILADELPHIA, Pa, 


NTIL Dieumarol {3,3’-methylenebis (4-hydroxycoumarin) | became a ma- 

jor therapeutic tool in the prevention and treatment of thromboembolic 
disorders, the determination of prothrombin was primarily of “nterest in the 
study of blood coagulation and, to some extent, in the study of liver function. 
For this reason it was not necessary for the procedure to be particularly simple 
or easily controlled with respect to possible technical error, since the determina- 
tion was largely in the hands of experienced investigators. 

With the advent of extensive use of Dicumarol, however, it became part of 
the function of the hospital clinical laboratory to make daily determinations of 
the prothrombin activity of the blood of patients receiving this drug. This has 
introduced the problem of making available to the hospital laboratory a pro- 
cedure which can be handled easily and which requires a minimum of special 
equipment and training. Wright! has pointed out the necessity for employing 
the simplest possible procedures in the control of Dicumarol therapy in clinical 
practice. These considerations make it necessary to draw a line between pro- 
cedures designed primarily as investigative tools in the study of the mechanism 
of blood coagulation and procedures designed primarily for the use of the elini- 
cian. In the control of Dicumarol therapy it is only necessary for the elinician 
to have an over-all appraisal of the ability of the plasma to form thrombin, How- 
ever, in order to use simpler procedures rationally it is necessary to evaluate them 
in terms of the more generally accepted tests. This report attempts such an 
evaluation. 

Most of the methods for the measurement of prothrombin activity are modi. 
fications of either the two-stage method deseribed by Warner, Brinkhous, and 
Smith? or the one-stage method described by Quick.* Because of its relative com- 
plexity, the two-stage method never has been widely used clinically. Most of the 
literature dealing with the control of Dieumarol therapy* * ° is written in terms 
of the one-stage test. In 1940 Ziffren, Owen, Hoffman, and Smith’ deseribed 
a bedside test which is essentially a simplification of the Quick one-stage test. 
It consists of the addition of whole blood to an excess of thromboplastin. Be- 
cause of its low cost and technical simplicity, and since it patently gives an over- 
all appraisal of the prothrombin activity of the patient’s blood, it should be a 
convenient guide to the administration of Dicumarol. It was thought worth 
while to attempt to clarify the relationship between the one-stage test and the 
bedside method by comparing values obtained by the two methods. 
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DEFINITIONS 


Kor our purposes prothrombin tine must be defined in terms of both the one-stage and 
hedside tests. In the case of the one-stage test it is the interval required for the first ob 
servable formation of fibrin after optimal amounts of caleium and thromboplastin are added 
to oxalated plasma. In the case of the bedside test it is the interval required for the first 
gross evidence of clot formation after whole blood is added to an excess of thromboplastin. 

Prothrombin activity is determined by finding that dilution of normal plasma which will 
give the same prothrombin time as that given by the patient’s plasma. We shall show later 
that the same application of the dilution curve of normal plasma can be made to prothrombin 
times obtained by the bedside test. 

Because of the limitations of the one-stage and the bedside tests, the word prothrombin 
is used in the broad sense and no differentiation is made between prothrombin itself and non 
prothrombin clot accelerating factors, 

Clotting power: is the ratio of the bedside prothrombin time of normal blood to the bed- 
side prothrombin time of the patient’s blood. It is expressed as percentage and is calculated 
by the following formula: 


Prothrombin time (normal) 


Prothrombin time (patient ) 100 Clotting power of patient ’s blood, 


MATERIALS AND METHODS 


stabilized thromboplastin solution, It is prepared 


These studies were performed with : 
hv the extraction of equal weights of horse brain and lung with 1 per cent phenols In our 
experience this material has maintained its activity for at least two months when stored at 5° C. 
On the recommendation of the manufacturer, O.0O75M calcium chloride was used in the one 
stage test. This has been found to give a shorter prothrombin time than does the more usual 
0.025M concentration, This thromboplastin gave a prothrombin time of 12 to 17 seconds for 
both oxalated normal plasma and normal whole bloods. 

One hundred and eighty-two pairs of one-stage and bedside tests were performed. Of 
these, 144 were done on blood from 16 patients receiving Dicumarol and 38 were done on 
blood from normal controls. At least one normal blood was tested each day. Using dry 
syringes and 20 gauge needles, approximately 6 ml. of venous blood were withdrawn; 4.5 ml. 
of the sample were placed in a graduated centrifuge tube containing 0.5 ml. of 0.1M sodium 
oxalate solution. The bedside test was then performed on the blood remaining in the syringe 
by mixing 1.0 ml. of the sample with 0.1 ml. thromboplastin in an 8 by 75 mm. glass test 
tube and determining the prothrombin time. The first gross evidence of clot formation was 
taken as the end point. All bedside tests were started less than 60 seconds after the with 
drawal of the blood from the vein. Control studies indicated that a delay of 2.5 minutes 
from the time of blood withdrawal until its addition to thromboplastin did not alter the 
prothrombin time (Fig. 1). The one-stage test was performed on the plasma obtained from 
the oxalated sample. In order to determine the prothrombin activity of the plasmas from 
the Dicumarol treated patients, a serial dilution curve was prepared. Prothrombin times 
were determined on 50, 25, 12.5, and 6.25 per cent dilutions of normal plasma prepared with 
O.15N sodium chloride. The values obtained were plotted on log-log paper. A linear relation 
ship between prothrombin time and plasma dilution was obtaine! when the plasma concen- 


trations were 50 per cent or lower. 
RESULTS 


In the sixteen patients studied there was a consistently close correlation be- 
tween the prothrombin times obtained by the bedside test and the one-stage test 
at all levels of prothrombin activity. Fig. 2 shows the results obtained in a 

*Thromboplastin Solution Schieffelin. We wish to acknowledge the courtesy of Dr. E. W. 


Blanchard and Mr. C. F. Gerber of Schieffelin & Co., New York, N. Y., in supplying the 
material for this study. This material is now available under the name Solu-plastin. 
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patient who was treated with Dicumarol because of myocardial infarction. It 
is to be noted that there is a close relationship between the values obtained by 
the two tests. Fig. 8 represents the response to Dicumarol in another patient 
who had been admitted because of myocardial infarction. This ease is included 


to again emphasize the unpredictable response of patients to Dicumarol and the 
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Fig. 1.—Effect of delay after withdrawal of the blood on the bedside prothrombin time. 


Abscissa represents the time after the first appearance of blood in the syringe until its addition 
to thromboplastin. No significant difference was noted whether dry or oiled syringes were used, 
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Fig. 2.—Comparative levels of prothrombin by the bedside and one-stage methods: a 

infarction treated with Dicumarol. “4A'' represents Dicumarol 
dosage, each unit on the scale indicating 100 mg. Dicumarol. The large scale on the left 
represents the prothrombin time in seconds for both tests. The scale on the right represents 
the per cent of normal as determined from the one-stage dilution curve. 


typical case of myocardial 


consequent necessity for frequent estimations of the prothrombin activity. It 
may again be noted that the prothrombin time as determined by the two methods 
increased and then decreased at approximately the same rate. 

The data for the 182 paired bedside and one-stage prothrombin determina- 
tions are presented in the form of a seatter chart in Fig. 4. The prothrombin 
times, in seconds, for the one-stage method are plotted against those for the bed- 


side method, the values being grouped in 5-second intervals. The correlation 
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coefficient for these paired determinations was calculated by the method de- 
seribed by Snedecor’ tor large samples and found to be r=O0.810. According to 
Snedecor a correlation coefficient of 0.208 will oceur by chanee only one time in 
one hundred for this number of observations. Since the correlation coefficient 
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Fig. 4.—Correlation between 182 pairs of bedside and one-stage prothrombin time de- 
terminations. Correlation coefficient is 0.810. The values are grouped in 5-second intervals. 
The solid diagonal line represents ideal distribution if the correlation were perfect, and the 
correlation coefficient were 1.00, 
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of 0.810 is almost four times the value of 0.208 it is clear that the correlation be- 
tween the one-stage and the bedside prothrombin times is highly significant. 

In the original description of the bedside test,’ the authors reeommend the 
use of a thromboplastin of such poteney that a clot will be obtained in 25 to 50 
seconds with normal blood. Commercial preparations of thromboplastin for the 
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bedside test are generally based on this 25 to 50-second value for the normal. 
In using such a preparation the assumption frequently has been made that the 
clotting power derived from the bedside method represents the per cent of normal 
prothrombin activity. The close correlation between the prothrombin times ob- 
tained in the one-stage method and the bedside test shows that this relationship 
does not hold when a more active thromboplastin (12 to 17 seconds prothrombin 
time with normal blood) is used. It therefore became of interest to compare the 
values for the bedside test using diluted and undiluted thromboplastin. 

It was necessary to dilute 0.1 ml. of the stock thromboplastin solution with 
2.9 ml. of physiologic saline solution (Q.15N sodium ehloride) in order to obtain 
a prothrombin time of approximately 30 seconds with normal blood. These 1/30 
dilutions were prepared each day immediately prior to doing the tests. Using 
both diluted and undiluted thromboplastin, 68 paired bedside tests were done over 
a period of twenty days on the blood of 11 patients receiving Dicumarol. As con- 
trols, a similar pair of tests was carried out each day on blood obtained from 
healthy individuals. The prothrombin times of the normal persons varied be- 
tween 12 and 17 seconds when undiluted thrombopiastin was used and between 
24 and 48 seconds when diluted thromboplastin was used. We have shown that 
the prothrombin times as determined by the one-stage and the bedside methods 
are essentially the same when undiluted thromboplastin is used. Therefore, a 
comparison of the results of the bedside test using both undiluted and diluted 
thromboplastin gives significant information concerning the relationship  be- 
tween the usual one-stage test and a bedside test using a less potent thrombo- 
plastin. Calculation of the clotting power for each determination seemed the 
best method of comparing the relationship between the prothrombin times ob- 
tained by using diluted and undiluted thromboplastin. In each calculation the 
prothrombin time of the patient was related to the prothrombin time obtained 
on the control blood for that day. Fig. 5 shows the results of plotting the clot- 
ting powers obtained by using undiluted thromboplastin against those obtained 
by using diluted thromboplastin. The correlation coefficient. according to the 
method described by Snedecor,® for these paired determinations is r= 0.872. This 
correlation coefficient is approximately three times the correlation coefficient, 
r= 0.302, which would occur by chance only one time in one hundred for 70 
observations and is therefore highly significant. 


DISCUSSION 


The advantage of the bedside test lies in its economy, simplicity, and wide 
applicability particularly in situations in which a well equipped clinical labora- 
tory may not be available. All methods for the measurement of prothrombin 
activity on plasma require precise control of the quantities of sodium oxalate and 
ealcium chloride used in the determination and prompt performance of the test. 
Although these requirements are simple and easily carried out in a research 
laboratory, they may easily become annoying problems in the busy hospital lab- 
oratory. The bedside test eliminates these difficulties. 

In order to establish its value as a clinical technique, it is necessary to show 
-a constant relationship between the bedside test and some generally accepted 
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method for the determination of prothrombin activity. The data whieh we have 
presented in Fig. + show that such a correlation does exist between the bedside 
and the one-stage method. Since good correlation is present at all levels of pro- 
thrombin activity, the results suggest that the bedside test may be substituted for 


the Quick one-stage method in clinical practice. 


4 
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Fig. 5.—Correlation between bedside prothrombin values (expressed as clotting powers) 
obtained with undiluted and diluted thromboplastin. The thromboplastin which gave pro- 
thrombin times of 12 to 17 seconds with normal blood was diluted 1/30 to give 24- to 43-second 
prothrombin times with normal blood. The correlation coefticient is 0.872. 


The manner of reporting values obtained by any test for prothrombin activ- 
itv isa matter which needs clarification. Unfortunately, the introduction of the 
bedside technique has been followed by some contusion in the use of the terms 
‘prothrombin time,’’ ** prothrombin activity,’ and ‘‘clotting power.’’  Pro- 
thrombin time is an interval of time aud is expressed in seconds. Both pro- 
thrombin activity and clotting power express a relationship between normal 
blood and blood with an unknown prothrombin content. However, the terms 
are by no means interchangeable. The tendeney appears to have been to diseard 
the term clotting power and to use per cent prothrombin or prothrombin aetivity 
in its place. Careless use of these terms, when clotting power is actually being 
reported, has needlessly confused the situation in clinical medicine. Ziffren and 
co-workers,” in the original description of the bedside test, state that they ob- 
tained good correlation between their test and the standard Quick one-stage pro- 
cedure, This statement appears to be the basis for the assumption that clotting 
power is equivalent to prothrompin activity. 

In Fig. 4 we have presented data showing that the prothrombin times ob- 
tained by the bedside and the Quick one-stage method are essentially the same. 
This means that the clotting power cannot be equivalent to the prothrombin ae- 
tivity or per cent prothrombin unless the plasma dilution curve, from which the 
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prothrombin activity is derived, is the expression of a simple reciprocal rela- 
tionship between prothrombin time and prothrombin activity. This, however, is 
not the case. Plasma dilution curves invariably show very small increments in 
the prothrombin time with increasing dilution of the plasma until the dilution 
reaches 30 to 40 per cent (plasma). With greater dilution, the curve develops 
an increasingly steep slope. In the critical range of 10 to 40 per cent there is 
a wide disparity between the plasma dilution curve and a curve expressing a 
simple reciprocal relationship. Thus a blood sample giving the same_ pro- 
thrombin times by the bedside and the one-stage methods will have a much higher 
clotting power, using the ratio, than per cent prothrombin activity, using the 
plasma dilution curve. For example, if a patient's blood gave a prothrombin 
time of 30 seconds by both the bedside and the one-stage methods, and the nor- 
mal blood gave a prothrombin time of 15 seconds, the clotting power would. be 
20 per cent while the prothrombin activity derived from the plasma dilution 
curve would be approximately 25 per cent. 

Fig. 5 shows that when a less potent thromboplastin is used, the bedside 
prothrombin time of the patient’s blood bears the same relationship to the normal 
as when a highly potent thromboplastin is used. Therefore clotting powers ob- 
tained by the use of a less potent thromboplastin show the same numerical de- 
viation from the prothrombin activity as when highly potent thromboplastin is 
used. 

The manner of reporting the results of prothrombin determinations is a 
matter of convention. Since clotting power and prothrombin activity are both 
expressed as percentages they are apt to be confused, Clotting power gives no 
information which could not be obtained from a simple statement of the pro- 
thrombin times of the blood of the patient and of the normal control. The use 
of the clotting power formula should therefore be discontinued. If a thrombo- 
plastin of unknown potency is used, results must be expressed as per cent pro- 
thrombin activity as derived from the dilution curve of normal plasma. When 
a thromboplastin of known uniform potency is available, the results may be ex- 
pressed as per cent prothrombin activity or, equally well, as prothrombin times, 
since these times will then consistently be equivalent to a definite prothrombin 
activity. Ifa stable thromboplastin is available, as it was for this investigation, 
then it should be sufficient to obtain a plasma dilution curve at intervals and to 
use this curve to report results as prothrombin activity. 

Since we were able to show that the prothrombin times by the bedside and 
the one-stage methods were the same, and since the thromboplastin used in this 
work proved to be extremely stable, we consider it satisfactory to prepare plasma 
dilution curves at weekly intervals and to report the results of bedside tests as 
prothrombin activity by relating the bedside prothrombin time to such dilution 
curves. 

In earrying out bedside tests, there appears to be no advantage in using a 
thromboplastin of low potency, Fig. 1 shows that there is no difficulty in repro- 
ducing values in the range of 12 to 17 seconds even after blood is permitted to 
stand for 2.5 minutes before its addition to thromboplastin. Preparations eiv- 
ing prothrombin times in the range of 12 to 17 seconds with normal blood offer 
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several distinet advantages. Thromboplastin of this poteney falls within. the 
range recommended by Foley and Wright!" so that results may be conveniently 
reported in seconds. When such thromboplastin is used with Dicumarolized 
blood, the end point oceurs in a reasonably short time and is sharper and much 


easier to read than when very prolonged proth. ‘in times are obtained. 


SUMMARY 


1. Using a stable thromboplastin of high activity, 182 paired prothrombin 
determinations have been done by the bedside test and the Quick one-stage test 
on 16 patients undergoing Dicumarol therapy and on 88 normal persons. A cor- 
relation coefficient of O.S10 was found between the prothrombin times obtained 
by the two methods. 

2. When the thromboplastin was diluted to give a bedside prothrombin time 
of 24 to 48 seconds for normal persons, it was found that the clotting powers as 
derived from the bedside tests were in agreement with those obtained by the use 
of the more active thromboplastin. In 68 paired tests the correlation coefficient 
was found to be 0.872, 

3. It is suggested that with the use of a stable, active thromboplastin the 
bedside test is adequate for the control of Dicumarol therapy. However, it is 
essential to obtain frequent values on normal blood to ensure that the thrombo- 
plastin retains its activity. In order to convert prothrombin times, as obtained 
by the bedside test, to prothrombin activity, we recommend the preparation of 
a dilution curve by the one-stage method at weekly intervals, or more frequently 
if the values show any tendency to vary. 

We wish to acknowledge the technical assistance of Mrs. Jane Layden, B.S., and 
Miss Shirley Hollopeter, B.S. 

ADDENDUM 

While this work was under way, Schwager and Jaques published the results of some 
What similar work designed to provide a simple procedure for the control of Dicumarol 
therapy (Schwager, P. G., and Jaques, L. Be: A Simplified Technique for the Determina 


tion of Prothrombin Times, Canad. M. A. J. 60: 258, 1949). 
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HEMOLYTIC DISEASE OF THE NEWBORN 


I. AN ANALYSIS OF A SAMPLE OF AN OBSTETRIC POPULATION 


S. P. Lucia, M.D., anp M. L. Hunt, M.P.H. 


SAN FRANCISCO, CALIF. 


URING the years 1943 to 1947, 25,416 blood specimens were received and 

examined in the Rh and Blood Grouping Laboratory of the University of 
California Hospital. Of these, 11,649 specimens were obtained from obstetric 
patients, amone which were 5,175 unduplicated specimens characterizing a 
population unbiased with respect to the Rh factor. Two thousand six hundred 
fifty-one were from the Outpatient Obstetrics Clinie and 2,524 from unselected 
patients seen by a private practicing obstetrician. The remaining 6,474 speci- 
mens from obstetrie patients were biased with respect to the Rh factor in that 
many were sent selectively by physicians who knew their patients to be Rh 
negative. 

The sample of 5.175 unduplieated specimens of blood from individual obstet- 
rie patients was subjected to statistical analysis in order to determine whether 
or not it conformed to published expected distributions of ABO and Rh fre- 
quencies in an assumed representative sample of the population of the United 
States.' This sample, identified as the ‘*U.C. sample,’ will provide a standard 
for comparison with similar distributions in a selected category, such as sensi- 
tized Rh-negative women who have given birth to infants afflieted with hemolvtie 
disease of the newborn. 

Incidence of Rh-Positive and Rh-Negative Individuals.—In order to demon- 
strate the composition of the population in regard to the Rh factor, the data 
were tabulated according to Rh and ABO blood groups. In the U.C. sample 
there were 4,985 Caucasians, 8) per cent of whom were Rh, (1D) positive, and 
145 Negroes, 95 per cent of whom were Rh, (D) positive. The remaining 45 
ineluded 6 Orientals and 39 whose race was unknown, all of whom were Rh, 
(1)) positive. 


TABLE T. INCIDENCE OF RH.(D) POSITIVE AND RiH,(D) NEGATIVE INDIVIDUALS IN THE U.C. 
SAMPLE SEGREGATED ACCORDING TO ABO BLoop GROUPS 


rh CHARACTERISTIC ABO BLOOD GROUPS 

TOTAL 0 \ B | AB 

NUMBER | NUMBER . ini= 

OF OF 

SUBJECTS % SUBJECTS % % % % | % 

Total 5,175 100 | 5,175 100 45 10) ios|] 4 
Rh, (D) positive 1377 S35 1377 100 45 1() 11 4 
Rh.(D) negative TOS 15 TOS 100 17 38 11 4 


Table I demonstrates that there is no relationship between the presence of 
the Rh factor and the incidence of ABO blood groups, observations which cor- 


roborate the conclusions of other investigators.® * 
From The Blood Grouping Laboratory, Sub-division of Preventive Medicine, Division of 
Medicine, University of California Medical School. 
Received for publication, Sept. 13, 1949. 


ie | 





HEMOLYTIC DISEASE OF THE NEWBORN Lo 


Incidence of ABO Blood Groups.—The sample was arranged according to 
ABO blood groups and compared with representative data for these blood 
eroups in the United States. 


TABLE II. INCIDENCE OF THE ABO BLoop GROUPS, SEGREGATED ACCORDING TO RACH 


INCIDENCE OF TILE ABO BLOOD GROUPS (% ) 
THE U.C. SAMPLE DATA FOR U.S.A. (SNYDER! 
WHITE NEGRO WHIT! NEGRO 
LOOM LOO 100g LOG 
ABO BLOOD GROUP (4,985) (145) (20,000 ) 500) 
O 15 1S 15 17 
A 10 YS 1] ae 
B 1] »() 10 21) 
AB | ! { 5 


Incidence of Primigravid and Multigravid Women.—The data then were 


arrayed according to eravidity in order to further deseribe the sample. 


TABLE TIT. INCIDENCE OF PRIMIGRAVIDITY AND MULTIGRAVIDITY ACCORDING TO Ri 
CILARACTERISTIE 


FREQUENCIES ACCORDING TO Rh CHARACTERISTIC 


TOTAL® 
(%) Rh, (D) POSITIVE rh, (D) NEGATIVI 
LOG 100% LOO” 
GRAVIDITY (5,048) (4,260) (788) 
Primigravidity 19) 1) a0) 
Multigravidity 51 51 50 


*Gravidity was unknown in 127 cases. 


Incidence of ABO Compatibility Between Mother and Child.—Since there 
is evidence to indicate that ABO compatibility between mother and child may 
influence the intensity of Rh immunization, the data were grouped for this factor 
according to the Rh characteristic of the mother. A pregnancy considered to 
be compatible for the ABO blood eroups is one in which the mother and ehild 
are of the same ABO eroup, or in which the mother is Group A or B and the 
child is Group ©. 

The incidence of blood group compatibility between mother and = child 
(Table IV) was found to be 100 per cent among mothers of Group AB. This 
is explained by the faet that the AB blood group is compatible with Groups 
O, A, B, and AB. ABO compatibility was found to be present among 93 per 
eent of the Group A mothers. This degree of compatibility is due to the fact 
that 85 per cent of individuals in an unselected population fall into either blood 
group O or A, and therefore a Group A mother would be likely to have a hus- 
band of a compatible blood group beeause A and O are compatible. In addi- 
tion, there is still the possibility of ABO compatibility between the mother and 
child in instances where the child inherits the © factor from a heterozygous 
Group B father, or the A factor from a father of Group AB. The incidence 
of ABO compatibility in the U.C. sample was determined in order to provide a 
basis for comparison with the incidence of ABO compatibility in a group of 
sensitized Rh-negative women who bore infants afflicted with hemolytic disease 
of the newborn.’ 
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TABLE IV. INCIDENCE OF ABO COMPATIBILITY OF THE PREGNANCY ACCORDING TO THE Rh i 
CHARACTERISTIC OF THE MOTHER 


Rh CHARACTERISTIC OF THE MOTITER 


ABO 
BLOOD POTAI Rh, (D) POSITIVI Rh, (D) NEGATIVE 
GROUP COMPAT INCOM COMPAT INCOM COMPAT INCOM 
OF TOTAL IBLE PATIBLE | TOTAL IBLE PATIBLE | TOTAL IBLI PATIBLE 
MOTHER | NUMBER (% (%) NUMBER (%) (%) NUMBER (%) (%) 
Total 1,167 Sv) 20 954 SU) 20 213 S3 17 
O aos 70 30 $24 70 oO) YS 71 29 
A 466 O4 6 SS) 93 7 S] 5 rs) 
B 136 GS a2 109 63 si 27 SS 15 
AB 13 100 0) 36 100 0 7 L100 0 


*Data on sensitized Rh-negative women were found to be biased with respect to ABO 
compatibility and for this reason they were excluded. These will be analyzed in a later com- 
munication. 

Incidence of Hemolytic Disease of the Newborn.—The significance of hemo- 
lytie disease of the newborn is described in terms of its incidence within the 
sample as a whole, within the group of all Rh-negative women, and in those 
Rh-negative women who showed evidences of Rh sensitization (Table V). 

TABLE V. INCIDENCE OF HEMOLYTIC DISEASE OF TIE NEWBORN IN A SAMPLE OF AN 
OBSTETRIC POPULATION 


INCIDENCE OF HEMOLYTIC DISEASE OF TITE NEWBORN IN AN OBSTETRIC 
POPULATION 
| Rh-NEGATIVE WOMEN 


ALL Rh-NEGATIVI WHOSE SERA CONTAINED 
rOoTal WOMEN rho ANTIBODIES 
NUMBER NUMBER NUMBER 
CLINICAL CONDITION OF oO} OF 
OF CHILD SUBJECTS o// SUBJECTS O/ SUBJECTS Of 
Total 5.175 100.0 TOS 100.0 7) 100.0 
Absence of hemo-!5,141 G93 TO4 95.7 1] 54.6 
lytic disease of 
the newborn 
Hemolytic disease 34 0.7 D4 3 34 15.4 
of the newborn 
Dead 17 0.3 17 2.1 17 22.4 
Survived LZ O04 17 one 17 22.4 
Severe S 0.2 8 1.0 Ss 10.7 
Mild 9 0.2 9) 1.2 9 12.0 
SUMMARY 


1. The frequencies of the ABO blood groups in the Rh-positive and Rh- 
negative populations of an obstetric sample varied slightly and insignifieantly. 

2. These data indicate that there is no relationship between the incidence 
of Rh-positive and Rh-negative types and the ABO blood groups. 

3. The incidences of ABO blood groups in this sample, segregated according 
to race (white and Negro), are similar to those previously published, 

4. The numbers of primigravid and multigravid women in this sample 
were found to be approximately equal. 

®. The incidence of ABO blood group compatibility between mother and 
child was determined. 

6. Of the total group of Rh-negative women, only 4.3 per cent bore infants 
suffering from hemolytic disease of the newborn. 
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7. Of the group of Rh-negative women who demonstrated ante-partum sensi- 
tization, 45.4 per cent bore infants afflicted with hemolytic disease of the new- 
born. Fifty per cent of the afilicted infants died ot hemolytie disease of the 
newborn. 


The authors gratefully acknowledge the cooperation and assistance of the many obste 
tricians of this area for the clinical material used in this report and of Dr. H. F. Traut, 
Dr. E. W. Page, and Dr. E. W. Overstreet for valuable comment and editorial assistance, 
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Il. AN ANALYSIS OF MATERNAL ANTE-PARTUM FACTORS IN A SAMPLE OF 
SENSITIZED RH-NEGATIVE WOMEN IN RELATION TO THE CLINICAL CONDITION OF 
THEIR OFFSPRING 


S. P. Lucia, M.D., anp M. L. Hunt, M.P.H. 


San FRANCISCO, CALIF. 


RENATAL predictions of the probable clinieal condition of infants to be 

born of sensitized Rh-negative women are of value in the prevention of in- 
fant deaths from hemolytic disease of the newborn. When hemolytie disease of 
the newborn is anticipated, the obstetrician can take the necessary precautions 
and initiate the treatment which he considers advisable. To make a prediction 
it is necessary to obtain information concerning the true parity of the mother 
and in addition (1) to establish the fact of previous sensitization by Rh-positive 
blood either through transfusion or previous pregnancy, (2) to recognize cer- 
tain other conditions which apparently influence the degree of damage to the 
fetus in utero, such as the leneth of time during which the fetus has been ex- 
posed to the action of maternal antibodies, (3) to determine the character and 
amounts of Rh antibodies present in the maternal serum antepartum, and (4) 
to determine when possible ABO compatibility between mother and child. An 
evaluation of these factors as they relate te the prediction of hemolytie disease 
of the newborn is presented. 

Description of the Sample.—One hundred ninety-eight cases were selected 
for study from 11,649 obstetric cases. These fulfilled the following require- 
ments: all were Rh negative, all exhibited definite evidences of Rh sensitization,* 
each had three or more ante-partum tests for Rh sensitization, and in each in- 
stance the precise ¢linieal condition of the child was known. Excluded from 
the study were cases in which the maternal serum exhibited only isolated tracest 
of Rh antibodies (none of the infants born to this group was found to have evi- 
denees of hemolytie disease of the newborn). In the sample of 198 sensitized 
Rh-negative women, 96 gave birth to infants showing clinical signs of hemolytic 
disease of the newborn and 102 bore normal infants. 


From The Blood Grouping Laboratory, Sub-division of Preventive Medicine, Division of 
Medicine, University of California Medical School. 

Received for publication, Sept. 18, 1949. 

*The test tube method was used for detecting the presence of Rh sensitization. Rh- 
positive (RhiRhz) Group O red blood corpuscles were used for the tests, and Rh-negative 
(rhrh) Group O red blood corpuscles were used for controls. The Rh-positive and Rh-negative 
corpuscles were washed once in physiologic salt solution; they were resuspended in a concen- 
tration of 2 per cent in (a) 0.9 per cent sodium chloride solution, for the detection of Rh 
agglutinins, and (b) 20 per cent bovine albumin solution, for the detection of “blocking” or 
“incomplete” antibodies. One drop of each of these four erythrocyte suspensions was added, 
respectively, to four test tubes (0.8 by 7.5 ¢m.), containing 2 drops of the serum to be tested. 
These were incubated for two hours at 37° C. in a water bath. The amount of agglutination 
was determined by spreading the contents of each tube on a glass slide and examining the 


suspension with the low power lens of the microscope. The amounts of Rh antibodies were 
reported as: none, trace (+), 1+, 24+, 34+, or 4+. If agglutination was present, or if the case 
history suggested the possibility of Rh immunization, the serum of the subject was then seri- 
ally diluted—1:2, 1:4, 1:8, 1:16, 1:32, ete.——and each dilution was tested as already de- 


scribed for the undiluted serum. 
7Results of plus-minus or 1+ occurring once in any series of ante-partu.n tests. 


PS 
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The clinical condition of the child was classified as follows: (1) presence 
or absence of hemolytic disease of the newborn; (2) death or survival among 
those havine hemolytic disease of the newborn; and (3) normal infants who 
were Rh negative. 

Krom the classification of sensitized Rh-negative women shown in Table | 
it can be said that 48 per cent of the infants showed evidences of hemolytic 
disease of the newborn, and all of these infants were Rh positive. It should 
be noted that of the 21 stillborn infants, 13 were not typed for the Rh charae- 


teristic but were assumed to be Rh positive because the fathers were Rh positive, 


TABLE I, CLASSIFICATION OF 19S SENSITIZED RH-NEGATIVE WOMEN ACCORDING TO THE CLINICAL 
CONDITION OF THE INFANTS BORN 'troO THEM 


CLINICAL CONDITION OF CHILD TOTAL Rh-POSITIVE CHILD | Rh-NEGATIVE CHILD 
Total number of cases LOS 172 26 
Hemolytie disease of the newborn O45 OG 0 
Total dead 1S 1S 
Stillborn , 21 21 
Neonatal death pe 27 
Total survived 1S 48 
Severe 28 28 
Mild 2() 2() 
Normal 102 76 26 


the mothers had appreciable amounts of Rh antibodies ante partum, and the 
clinical condition of the stillborn infants, according to the report of the patholo- 
gist, fulfilled the eriteria of hemolytic disease of the newborn. Of the total 
172 Rh-positive infants, 96 (56 per cent) had hemolytic disease of the newborn 
and 48 of these died. Of the 48 survivors, 28 showed evidences of severe hemo- 
lvtie disease. Twenty-six infants were normal and Rh-negative. 

Classification of the Selected Sample of Sensitized Rh-Negative Women- 
In an attempt to formulate a basis for the prediction of the clinical condition 
of a child to be born of a sensitized Rh-negative woman, each of the 198 cases 
was analyzed in terms of the factors previously listed. Complete information 
concerning the parity of the mother was often impossible to obtain. Past abor- 
tions or miscarriages may have been concealed or forgotten. Parity, in terms 
of the number of Rh-positive children previously born to Rh-negative women, 
is of importance in the determination of previous exposure of the mother to 
Rh-positive blood, and unfortunately histories of obstetrie patients usually do 
not contain accurate information concerning this fact. The three faetors for 
which adequate information was available were the length of time during which 
the fetus was exposed to the action of maternal antibodies, the character and 
amounts of Rh antibodies present in the maternal serum, and ABO compati- 
bility between the mother and child. 

Parity of the Mother.—Wemolytie disease of the newborn may occur in a 
first-born child (Table I1). The great majority of cases, however, occur in other 
than the first-born. In some instances, among the secundigravidae and terti- 
eravidae, the previous pregnancies may have resulted in Rh-negative infants, or 
infants of a different Rh genotype, in which case the pregnaney under diseus- 
sion may have been the first exposure of the mother to the specifie Rh-positive 
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TABLE IJ]. CLASSIFICATION OF 172 SENSITIZED Rh-NEGATIVE WOMEN IN RELATION TO THI 
NUMBER OF PREGNANCIES AND ACCORDING TO THE CLINICAL CONDITION OF THLE LAST-BORN 
Rh-POSITIVE CHILD 


PREGNANCY 
CLINICAL CONDITION OF OTH AND 
CHILD TOTAL IS1 OND SRD 4TH OTH OVER 
Total number of cases 172 ZI ol 15 26 17 13 
Hemolytic disease of 
the newborn 96 6 27 24 19 12 'e) 
Dead tS l 12 10 13 Ss | 
Survived 48 D 15 14 6 } { 
Severe 28 3 6 9 6 Z 2 
Mild 20 2 a) > 0 2 2 
Normal 76 14 24 21 7 5 S 


blood. Unfortunately, few definite conclusions may be drawn from this material, 
since information concerning the Rh type of the children of previous pregnancies 
of the multigravid women was not always available. Of the 172. sensitized 
Rh-negative women who gave birth to Rh-positive infants, 20 were primigravidae, 
and six of these gave birth to afilicted infants. Of these six, two had been sensi- 
tized previously by transfusion, one gave birth to an infant or whom the diagno- 
sis of questionable hemolytic disease was made, and for the remaining three no 
information was available. Since 6 infants of 96 afflicted with hemolytic disease 
of the newborn were born of primiparous women, it is concluded that antenatal 
tests for Rh sensitization are indicated on all Rh-negative women regardless of 
parity. 

Duration of Ante-Partum Rh Antibodies in Relation to the Clinical Condi- 
tion of the Child.—There is some evidence to show that the leneth of time dur- 
ing which the fetus is exposed to maternal Rh antibodies may influence its clini- 
eal condition and survival at parturition. For this purpose periods of time of 


less than ten weeks and ten weeks and over were used as the point of dichotomy.! 


TABLE ITT. CLASSIFICATION OF THE DURATION OF Rh ANTIBODIES IN THE MATERNAL SERUM IN 
TERMS OF APPEARANCE TIME IN WEEKS BEFORE THE EXPECTED DATE OF CONFINEMENT 


| | APPEARANCE TIME OF Rh ANTIBODIES BEFORE THE 
} } EXPECTED DATE OF CONFINEMENT 


CLINICAL CONDITION OF 
CHILD | TOTAL 10 WEEKS AND OVER | LESS THAN 10 WEEKS 
Total number of cases 15s 117 1 
Hemolytic disease of the 
newborn 69 61 | S 
Dead So 30 (0) 
Survived 36 28 g 
Normal, Rh positive 66 3S 28 
Normal, Rh negative 23 1S 5 


*Forty of the original 198 cases were excluded because the appearance time of anti- 
bodies could not be determined. In these instances the first specimens were submitted less 
Mees ten weeks before the expected date of confinement and were found to contain Rh anti- 
oales, 

Rh antibodies appeared as early as or earlier than ten weeks before the 
expected date of confinement in S88 per cent of the 69 women who gave birth 
to afflicted infants, and in 100 per cent of the 33 women whose infants died 
of hemolytie disease of the newborn. These percentages are statistically sig- 


nificant when contrasted with 58 per cent of a group of 66 sensitized Rh-nega- 
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tive women Whose infants were normal and Rh positive and whose sera showed 
Rh sensitization at least ten weeks before the expected date of confinement. The 
presence of Rh antibodies in the group of sensitized Rh-negative women who 
bore normal Rh-negative infants may be explained as a nonspecific stimulation 
of the immune mechanism originally induced by previous pregnancies or trans- 
fusions of Rh incompatible blood. 

The Character and Amounts of Rh Antibodies Present in the Maternal 
Serum Ante Partum.—Sinee the data were collected over a period of years 
during which Rh laboratory techniques were in the process of development and 
change, blood specimens received before November, 1946, were tested for **in- 
complete’? or ** blocking’? antibodies by the ‘blocking test,”’’? and specimens re- 
ceived after this date were tested for the presence of *tincomplete’’ antibodies 
by the use of bovine albumin as diluent.’ In order to ensure valid comparisons, 
the discussion in this section is limited to the data obtained from those patients 
subjected to the latter test. 

Rh antibodies were found to be present consistently in all successive test- 
ings after the first appearance in the serum of all Rh-negative women who gave 
birth to infants afflicted with hemolytie disease of the newborn. 


TABLE LV. CLASSIFICATION OF THE RELATIVE AMOUNTS OF MATERNAL Rh ANTIBODIES IN 
‘SALINE’? AND ‘* BOVINE ALBUMIN’? IN TERMS OF THE CLINICAL CONDITION OF THE CHILD 


DEFINITELY HIGHER | RELATIVELY EQUAI 
AMOUNTS OF Rh ANTI- | AMOUNTS OF Rh ANTI 
CLINICAL CONDITION OF BODIES IN ALBUMIN TI AN} BODIES IN SALINE AND 
CHIKD POTAT IN SALINI ALBUMIN 
Total number of cases 61 39 22 
Hemolytic disease of the 
newborn 34 33 1 
Dead 16 16 () 
Survived 18 V7 | 
Severe 10 4 l 
Mild Ss 5 ) 
Normal, Rh positive 27 6 2] 
*Agglutination of Rh antibodies in saline and in albumin was compared. A value of 


1+ in saline and 3+ in albumin was considered a “definitely higher’ difference, whereas a 
Value of 2+ in saline and 3+ in albumin was not. 


In the group of 384 women who gave birth to infants afflicted with hemolytie 
disease of the newborn, the sera of 38 (97 per cent) contained definitely higher 
amounts of Rh antibodies in ‘*bevine albumin”? than in ‘‘saline’’ diluent (Table 
IV). In the group of 27 women who gave birth to normal Rh-positive infants, 
only 6 (22 per cent) showed greater amounts of Rh antibodies in ** bovine al- 
bumin’’ than in ‘‘saline.’’ The difference between these percentages is large. 
(75 per cent). Although the numbers are small, the difference is significant 
when checked by a number of statistical tests. A difference as great as this has 
an exceedingly small likelihood of occurring by chance alone. 

All of the 34 sensitized Rh-negative women who eave birth to infants hav- 
ing some form of hemolytie disease of the newborn showed titers of 3+ or over. 


Of 27 Rh-negative women who bore normal Rh-positive infants, only 14 (52 per 


cent) showed titers of 3+ or over; the remaining 13 (48 per cent) showed titers 
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TABLE V. COMPARISON OF THE AMOUNTS OF MATERNAL Rh ANTIBODIES ACCORDING TO THE 
CLINICAL CONDITION OF THE CILLLD*® 


SENSITIZED RH-NEGATIVE WOMEN 
MITER IN BOVINE ALBUMIN 


14+(1:52 
OR 4+ (UN 
HIGHER | DILUTED 
DILt UP TO 
CLINICAL CONDITION OF CHILD | TOTAL TIONS ) 1:16) 34 4 For 14 ot 
Total number of cases 6] 13 PY 6 » Ss 3 
Hemolytic disease of the 
newborn . a4 1] 21 Z 
Dead 16 6 9 | 
Survived IS » 12 l 
Severe 10 j 5 1 
Mild S ] 7 0) 
Normal, Rh positive 27 2 S } 2 S ° 


*The table shows the highest titer of Rh antibody found during the last thirty days be- 
fore the date of delivery. 


7Represents a fall in titer to 0 during the last month of pregnancy. 


of less than 3+ during the last month of pregnaney. The numbers in each of 
these groups are small; however, the fact remains that whereas the chances would 
seem to be even that the titer of sera from sensitized Rh-negative women pro- 
ducing normal offspring could be either 3+ and over or 2+ and less, the titer 
of sera from Rh-negative women producing offspring afflicted with hemolytic 
disease of the newborn was always 3+ or over in this series of eases. 

ABO Compatibility Between the Mother and Child in Relation to the Clini- 
cal Condition of the Child.—It has heen stated that the Rh-positive child born 
of a sensitized Rh-negative mother stands a greater chance of developing hemo- 
lvtic disease of the newborn if there is ABO compatibility between the mother 
and child. In general the data presented appear to confirm this conclusion. The 
incidence of ABO compatibility between the mother and child in’ sensitized 
Rh-negative women is presented (Table VI). In instances in which the blood 
group of the infant was not determined, the pregnaney was considered to be 
ABO compatible if both parents were of the same ABO blood group or if the 
mother was of Group A or B and the father of Group ©. 


TABLE VI. CLASSIFICATION OF THE INCIDENCE OF ABO COMPATIBILITY BETWEEN SENSITIZED 
RH-NEGATIVE WOMEN AND THEIR OFFERING IN TERMS OF THE CLINICAL CONDITION OF THE CHILD 


ABO BLOOD GROUP OF CHILD 


COMPATIBLE WITH INCOMPATIBLE WITH 
CLINICAL CONDITION OF CHILD TOTAT MOTHER OR OF GROUP O MOTHER 
Total number of cases 1S3 159 24 
Hemolytie disease of the 
newborn S3 79 } 
Normal, Rh positive 74 61 3 
Normal, Rh negative 26 19 7 


*Excluded were 15 cases in which the ABO blood group of the child was not determined. 


Of the 88 infants diagnosed as having some form of hemolytic disease of 
the newborn, 79 (95 per cent) were ABO compatible with the mother. This 
figure may be compared with 61 (82 per cent) in the group of 74 sensitized Rh- 
negative mothers who gave birth to normal Rh-positive children. The distribu- 
tion of frequencies in these categories deviates significantly from what would be 
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expected by chance when subjected to the Chi-square test. The number of in- 
fants afflicted with hemolytic disease of the newborn will be significantly higher 


when the blood groups of the mother and child are compatible. 


DISCUSSION 

Data from 61 cases of sensitized Rh-negative women who bore Rh-positive 
infants were arrayed according to the presence or absence of each of five ante- 
natal maternal factors. This was done in order to determine the relative im- 
portance of each in the prediction of hemolytie disease of the newborn. The 
most important factor was found to be (1) definitely higher amounts of maternal 
Rh antibodies in **albumin’’ diluent than in *‘saline,’’ followed in order by (2) 
considerable amounts of Rh antibodies (8+ or over) in the maternal serum dur- 
ing the last month before delivery, (3) antibodies appearing earlier than ten 
weeks before the expected date of confinement,* (4) the presence of Rh anti- 
hodies on all successive testines after the first appearance, and (5) the presence 
of ABO compatibility between mother and child.t 

Among 27 women who bore normal Rh-positive infants, 2 showed all of the 
five factors to be present and 25 lacked one or more. Of the two cases showing 
all five factors, in one the child under consideration was of a different Rh geno- 
type than its siblings; no explanation is offered at present for the other. The 
factor most commonly lacking in the group of sensitized Rh-negative women 
hearing normal Rh-positive infants was the ‘‘higher in albumin’’ feature. Al- 
though there were instances of normal Rh-positive infants being born to mothers 
who showed the presence of all five factors, there was no instance of an afflicted 
child being born to a mother who lacked two or more of the factors. 

The problem of ante-partum prediction of the clinical outcome of infants 
subject to the action of Rh antibodies is a very complicated one. Apparently 
many ante-partum maternal factors interact to produce changes in the hema- 
topoietic svstem of the infant. Evaluation of the part which a single faetor 
may play in the production of hemolytie disease of the new-born is not simple, 
and often the conclusions drawn from such an analysis may be misleading. 


SUMMARY 


1. Immunologie data from 198 cases of sensitized Rh-negative women were 
subjected to analysis. 

2. Five ante-partum maternal factors were evaluated with regard to their 
relative importance in the ante-partum prediction of hemolytic disease of the 
newborn. These are, in the order of significance: (a) definitely higher amounts 
of maternal Rh antibodies in ‘talbumin’’ diluent than in ‘‘saline’’; (b) appre- 
ciable amounts of Rh antibodies (8) or over) in the maternal serum during the 


*Unless a specimen tested early in the pregnancy is found to be negative for Rh anti- 
bodies, there is often a possibility that the antibodies found at the first testing may represent 
a “carry over” titer or an “anamnestic” rise of antibodies from a previous pregnancy or ex- 
posure to Rh-positive blood. 

*This may be predicted if husband and wife are of the same ABO blood group or if the 
husband is of Group O. 
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last month before delivery; (¢) antibodies appearing earlier than ten weeks be- 
fore the expected date of confinement: (d) the presence of Rh antibodies on 
all successive testings after the first appearance; and (e) the presence of ABO 
compatibility between the mother and child. 

3. In no instance did hemolytic disease of the newborn occur when two or 
more of these factors were absent. 


The authors gratefully acknowledge the cooperation and assistance of the many obste 


tricians of this area for the clinical material used in this report and of Dr. TH. F. Traut, 
Dr. KE. W. Page, and Dr. E. W. Overstreet for valuable comment and editorial assistance. 
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EERECT OF VITAMIN By. ON THE URINARY PHENOL FRACTIONS 
IN PERNICIOUS ANEMIA 


LYNN D, Assort, JR., PH.D., AND G. WATSON JAMES, IIT, M.D.* 
RICHMOND, Va. 


HERE are many evidences of an aberrant tyrosine metabolism in pernicious 

anemia. Thus, as summarized by Swendseid, Wandruff, and Bethell,' pre- 
vious workers have noted that in this disease blood phenol levels are high, the 
urinary levels of the volatile phenols are lower in relapse than in remission, 
and the urinary exeretion of total phenolie compounds is increased in untreated 
cases. Jacobson and Subbarow? have reported that L-tyrosine increased the 
therapeutic activity of their ‘primary’? antipernicious anemia factor. Jacobsen 
and Plum® have demonstrated L-tyvrosine to be the thermostable activating 
component of the reticuloevte ripening principle of liver extracts. 

Swendseid, Wandruff, and Bethell’ found that the treatment of pernicious 
anemia with either liver or stomach preparations decreased the urinary ex- 
cretion of total phenols by a reduction in the phenolie fraction containing the 
hydroxyphenyl acids. The hydroxypheny! acids are considered to be metabolic 
intermediates derived from tyrosine. By a fractionation of the ether-soluble 
urinary phenols, they found the ratio of the biearbonate-soluble fraction 
(hydroxyphenyl acids) to the biearbonate-insoluble but sodium hydroxide- 
soluble fraction (other phenols) to be decreased with liver therapy. They 
suggested that the effect of liver extract in their studies might be due to the 
antipernicious anemia factor. 

The availability of crystalline vitamin B,.* makes it possible to determine 
Whether this substance, extremely active in small quantities in) producing 
remission in pernicious anemia,’ can also affect tyrosine metabolism in small 
amounts. In connection with studies being conducted on pigment metabolism 
by one of us (G.W.J.) and co-workers, urines from pernicious anemia patients 
hefore and after vitamin By, therapy were available, and we have taken the 
opportunity to study the effect of vitamin B,. administration on the ether- 
soluble phenol fractions in this disease. 


EXPERIMENTAL 


Urinary phenol fractions were studied in four patients with pernicious anemia in 
relapse, two of whom were previously untreated. The clinical diagnosis was substantiated 
by the presence of a macrocytic anemia, megaloblastie bone marrow, and histamine re 
fractory achlorhydria. The clinical histories, with complete hematologic data and pigment 
metabolism studies, will be presented elsewhere. 

The urines were collected for pigment metabolism studies and were obtained under 


petroleum ether in a bottle containing 5 Gm. of sodium carbonate and kept in the cold, 
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Fractionation of the ether-soluble phenols obtained from the acid-lhydrolyzed urine into 
a bicarbonate-soluble fraction (A) and a biearbonate-insoluble but sodium lydroxide-soluble 
fraction (B) was done on twenty-four hour urine specimens according to the unpublished 
method of Shaeter® which was used by Swendseid and co-workers. ! The ‘* phenol’? content 


of the fractions obtained was determined by the modified Millon reaction employed by 


Shacter, a procedure which is essentially that of Bernhart and MeCullagh,? and was meas 


ured in terms of a tyrosine standard, The phenol fraction ratios of Figs. 1, 2, 8, and 4 rep 
resent the ratio (A):(B) found on the urine of the day indiented, i.e., the ratio 

A Ether soluble, bicarbonate soluble phenols 

[3 Kther-soluble, bienrbonate-insoluble, sodium hvydroxide-soluble phenols 


Reticuloeyte counts were done by means of a wet preparation stained with brilliant 
‘resvl blue. Hemoglobin was measured as alkaline hematin in sodium carbonate on_ the 
‘oleman Junior spectrophotomete: stundardized for hemoglobin determination hy the 
oxygen capacity method. These values are included in the illustrations for the purpose of 


correlation with the changes observed in the urinary phenol fraction ratios. 


RESULTS 

With one exception, each patient responded to vitamin B,. administration 
with a decrease in the urinary ether-soluble phenol fraction ratios. The 
exceptional patient did not have an elevated ratio before treatment. 

ig. 1 presents results of some of the studies obtained on an S0-vear-old 
white man who on admission was extremely ill and had a hemoglobin’ con 
centration of 2.7 Gm. per 100 ¢.¢. with an erythrocyte count of 656,000, Be- 
cause of his poor condition only one control period was obtained before treat- 
ment was begun. The ratio (.A):(B) was 3.5. Twenty-five micrograms of vita 
min B,. were administered intramuscularly on each of three consecutive days 
with an additional 25 y on the fifth day. During this time the phenol fraction 
ratios remained elevated. The urines for several days after treatment were 
lost as the patient became incontinent and irrational. On the fourth day of 
treatment the reticulocyte count began to increase. On the seventh day after 
treatment was begun the phenol ratio was still elevated. After this day, 
however, the ratios decreased rapidly, the hemoglobin concentration increased, 
and a maximum reticuloeytosis of 59 per cent was reached on the eighth day. 
The ratios remained low from the tenth to the eighteenth day, when the 
reticulocyte count had returned to normal. On the twenty-first day the hemo 
globin concentration appeared to be stationary at about 6.3 Gm. per 100° e.e., 
and additional 25 y doses of vitamin By. were given as indicated on the twenty 
first and twenty-third day after the initial treatment. An inerease in’ phenol 
ratios was noted to follow treatment. Littie, if any, reticuloevte response 
occurred, The ratios were decreased again six days after the beginning of 
treatment and remained down for four days. At this time the hemoglobin was 
inrreasing. The ratios had begun to increase again at the time the patient 
was discharged and placed on routine liver therapy. As it was necessary to 
discontinue the study, the reason for the terminal inerease was not discovered. 

The decrease in phenol fraction ratios which was noted to precede retieulo 
eytosis in the following two cases occurred in the first patient after the 


reticulocyte response had begun. This variation in response might have had 
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some relation to the comparatively large amount of vitamin By. administered 
initially to this patient or to the severity of his elinieal condition. That large 
doses may have an effeet not noted with smaller doses is seen with the increase 
in ratios noted after the second treatment. The possibility that vitamin B, 


in large doses may give temporarily an inerease in ratios is suggested. 


-4 PHENOL FRACTION RATIOS IN PERNICIOUS ANEMIA 
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DAY OF TREATMENT 


Fig. ] 


In Fie. 2 are presented the results of studies on a 59-vear-old white woman 
who had had liver therapy five vears previously. Hemoglobin before treatment 
was 3.9 Gm. per 100 ¢e. with an erythroevte count of 1,050,000. The urines 
for two days were obtained as controls. The urinary phenol fraction ratios 
were elevated on these days and on the day of the first treatment as indicated 
in Fig. 2.) Treatment with vitamin By. began with 10 y the first day and 
» y the following three days. Five micrograms of vitamin By. every other day 
were then continued throughout the hospital stay. 

It will be noted that the urinary phenol fraction ratio was decreased 
the day following the initiation of treatment and remained down throughout 
the next three weeks. Here the decrease in the ratios was noted to precede 
the reticulocyte response. Furthermore, with this patient, the ether-soluble, 
bicarbonate-soluble fraction (A) before therapy was noted to continue to 
levelop color with Millon’s reagent after the five-maniute period at whieh time 
the color is usually stabilized. Thus the ratios after fwenty minutes were 
ipproximately double those recorded at five minutes on the urines for the two 


retreatment days. Llowever, the five-minute ratios on these davs were used 
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? in order to be comparable with the other ratios. A substance in trae 


in Fie. 
tion (.\) developing color slowly with Millon’s reagent, or a substance inhibit 
ing the normal rate of color development of the phenolic acids with Millon’s 
reagent, thus appeared to be present before treatment. This peculiarity was 
not noted in the urine after treatment with vitamin B,., and although noted 
to some extent in the urines of the other patients with elevated ratios before 
treatment, it was not as strikine as in this case. We have not, as vet, invest! 
vated further the nature of the substance in this fraction of the urime of 


patients with pernicious anemia, 


PHENOL FRACTION RATIOS IN PERNICIOUS ANEMIA 
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Fie, 3 presents the results of some of the studies on a 60-vear-old Negro 
man with previously untreated pernicious anemia. le had a hemoglobin 


concentration of 3.9 Gm. per 100 ¢.¢. with an erythrocyte count of 1,225,000 
before treatment. Four control davs preceded treatment. Treatment with 
vitamin B,. began with 20 y the first day followed by 5 y doses as indicated in 
hig. 3. The phenol ratio was decreased in the urine of the first day of treat 
ment and remained below the pretreatment levels for nine days. Tere again 
the decrease in phenol fraction ratios preceded the reticulocyte response. The 
patient developed a urinary tract infection, the duration and severity of which 
is indicated schematically in Fig. 5. Sulfacetimide in the amounts indicated 
was given for ten days. Coincident with this therapy, Gdurine which time 
vitamin B,. administration was continued, an increase in the phenol ratios 


was noted which persisted durine the administration of the drue. When 
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sulfacetimide was replaced by streptomycin, the phenol ratios deereased 
promptly to the presulfonamide levels. The increase in the phenol ratio during 
this time thus appeared to be associated with the administration of sulfaceti 
mide. It is possible that the increase in ratio during sulfacetimide therapy 
might have been due to a metabolite of this drug and not to phenolic acids 
arisine from 1\ rosine metabolism, We feel, however, that the observation 


merits further attention especially since durine’ the same period we noted 
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Fig 


that the inereasine hemoglobin concentration leveled off but continued — te 


nerease again when sulfacetimide therapy was discontinued. Whether the 
increase in phenol fraction ratios was due to a phenolie sulfonamide derivative 
n this fraction or whether it represents the result of an obscure effeet of sul- 
facetimide on tyrosine metabolism cannot be stated at the present time. 

Fig, 4 shows the results obtained on a 60-vear-old Negro man in relapse 


fter treatment with liver one vear previously. On admission the erythrocyte 


ount was 940,000 with a 


hemoglobin coneentration of 3.20 Gin, per 100 eubie 


entimeters, 


On two control days, and on the first day of 


treatment. the 


/henol fraction ratio was found to be low. 


The day following the initial treat- 


nent with vitamin B,., however, the phenol ratios began to increase regularly, 
ith a greatly increasing (A) fraction accompanied by a decreased (B) frae- 
on, so that the ratio reached a peak on the sixth day following initiation of 
‘catment. The ratios then fell regularly and became below 1 again on the 
eventh day and remained low. Treatment consisted of 20 y the first day 
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followed by 5 y for seven davs, and then » vy every other day as indicated, 


The reticuloeyte count was increased on the fifth day of treatment and reached 
66 per cent on the tenth day. The hemoglobin concentration increased rapidly 
and in three weeks had reached a higher val 


patients studied durine a similar period of treatment. 
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It will be noted that the initial response of the phenol ratios to vitamin 
B,. administration in this patient was the reverse of those treated previously. 
In the other three patients a decrease in the clevated pretreatment ether- 
soluble urinary phenol fraction ratios followed vitamin B,. therapy. This 
patient did not have elevated ratios before treatment. Ie responded with 
an increase in ratios. Even in this patient it is interesting to note that the 
effect of vitamin B,. on the urinary phenol fractions preceded the increase in 
reticulocyte count and that the hemoglobin concentration began to rise rapidly 
as the ratios decreased in value. 

The explanation for the difference in type of response to vitamin B,. 
therapy in this case is not known. Although it may have been peeuliar to 
the individual, the observation leads to speculation with regard to tyrosine 
metabolism in the Negro with pernicious anemia. 

The pretreatment phenol ratios were not elevated in this Negro patient, 
and it will be noted in the other Negro patient studied (ig. 3) that although 
the pretreatment ratios were higher than after therapy they were not as high 
as those of the white patients studied. There is a possibility that the additional 
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VITAMIN Byo AND URINARY PHENOL FRACTIONS IN PERNICIOUS ANEMIA +1 


need for {vrosine imposed Hy the pigmentation process (melanin formation ) 
might influenee the exeretion of hydroxyphenyl acids in the Negro with 
pernicious anemia. The extent of the tyrosine requirement for melanin. for- 
mation in the Negro is not known. It might be a factor tending to lessen 
the amount of this amino acid available for other metabolie processes. In the 
last patient studied, the tyrosine available possibly might have been too little 
to give an appreciable exeretion of hydroxyphenyl acids. The initial effect 
of vitamin By. on the phenol ratios in this patient (an increase) therefore 
might have been related to a general mobilization of amino acids from certain 
tissue proteins so that tyrosine beeame available for metabolie reactions. 
lurther investigation of these points would appear to be desirable. 

It has been stated that ‘‘the blood of Negroes with pernicious anemia 
shows changes in the red cells much more exaggerated than those seen in 
Caucasians.’ The possibility that this might be due to a biochemical difference 


in the deeply pieme nted individual should he considered, 


DISCUSSION 


The present study indicates that erystalline vitamin By. in the very small 
amounts required to produce a hematologic remission also affects the excretion 
of tyrosine metabolites as indicated by a decrease in the elevated pretreatment 
phenol fraction ratios (Figs. 1, 2, and 3). The deerease in ratios was noted to 
precede reticulocytosis in two of the patients (Figs. 2 and 3) so that the effeet 
of vitamin Byo on tyrosine metabolism in pernicious anemia is noted to be rapid 
and may be one of the first evidences of its physiologie effeets. This finding 
might be related to a role played by tyrosine oer a tyrosine derivative in 
ervthroevte development. The possibility, however, that the effeet of vitamin 
By. on the exeretion of tyrosine metabolites may result wholly or in part from 
an effect of this substance on the metabolism of amino acids in general cannot 
he excluded at the present time. 

The effeet of crystalline vitamin B,. on the phenol fraction ratios in 
pernicious anemia is similar to that noted previously with liver and stomach 
extracts' and may account for the results obtained with these antipernicious 
anemia preparations. 

The results of these studies are also of interest in view of recent experi- 
ments on the oxidation of tyrosine by the liver tissue of ptereylglutamie aeid- 
deficient rats’ and chicks'® and on the excretion of tyrosine metabolites by 
scorbutiec guinea pigs treated with liver extraets'! and with pteroylglutamic 
acid.” 

SUMMARY 


The effect of crystalline vitamin B,, on the excretion of tyrosine metabolites 
n pernicious anemia was studied by fractionating the ether-soluble urinary 
»henols into a fraction containing the hydroxyphenyl acids (A) and a fraction 
‘ontaining ether-soluble phenols not soluble in sodium bicarbonate (B). Three 
{ the four patients studied were noted to have elevated pretreatment phenol 
raction ratios (A:B) whieh decreased after the parenteral administration 
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of crystalline vitamin B,.. In two of these patients the decrease in ratios was 
noted to precede the retieuloeyte response. The one patient who did not have 
elevated pretreatment ratios was a Negro man who responded to vitamin By,» 
therapy with an increase in ratios whieh preceded reticulocytosis. Crystalline 
vitamin B,. in the very small amounts needed to produce remission in pernicious 
anemia was found to have a prompt effect on tyrosine metabolism as indicated 
by these variations in the excretion of tyrosine metabolites. 

The crystalline vitamin B,, used in these studies was kindly supplied by Merck & Co., 
Ine., Rahway, N. J., through the courtesy of Dr, Augustus Gibson. The dissertation by 
Shacter was made available through the courtesy of Professor Howard B. Lewis. The 
assistance of Miss Mary K. East, Miss Anne Foster, and Miss Vivian Wilkerson is grate 
fully acknowledged. 
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BIOCHEMICAL STUDIES ON UROKON (SODIUM. 2,4,6-TRILODO-3- 
ACETYLAMINOBENZOATE), A NEW PYELOGRAPHLIC MEDIUM 





Dorotuy R. Nevunaus, M.S... Apam A. CrikistMan, PH.D., AND 
Ilowarp B, Lewis, Pu.D. 
ANN Arbor, Micu, 


[* 1929 Swick! reported the first use of an iodine-containing organie compound, 
)-10d0-2-pyvridone-N-acetic acid, as a clinical aid for visualization of the kid- 
neys and urinary bladder under x-ray. Since then, several compounds have 
come into general use and many others have been investigated. This paper 
reports experiments with a new contrast medium, sodium 2,4,6-triiodo-3-ace- 
tylaminobenzoate (Urokon), which in c¢linieal usefulness compares favorably 
With other compounds. Studies of its acute and chronic toxicity in the rat, 
dog, and monkey indicated that four to eight times the amount, per kilogram 
of body weight, necessary to visualize the kidneys in man produced no toxic 
symptoms.* Likewise, no mieroscopic changes of the kidneys were observed 
in rats given daily injections of 0.2 Gm. of Urokon per kilogram ot body weight 
for two weeks. The distribution of Urokon in the rat and the comparative rates 
of excretion of Urokon and several other contrast media have been determined 
in the rabbit and man. Table TL lists all of the compounds used, their tolerated 
doses in rats, and their chemical identities. 


METHODS 


Determination of Urokon.—The colormimetric method of Bratton and Marshall? for de 
termination of aromatic amines was adapted to Urokon. The red dye formed by the reaction 
of the deacetylated Urokon with the coupling reagent, N-(1-naphthyl)-ethylenediamine 
dihydrochloride, has an absorption maximum between 530 and 540 millimicrons. The proce- 
dure was as follows. Samples containing from 20 to 160 uve of Urokon per 5 ml. were trans- 
ferred to 10 ml. graduated tubes (15 mm, by 150 mm.) together with 5 ml. of 9N hydrochloric 
acid. After the contents were thoroughly mixed, the tubes were covered with marbles and 
placed in a constant level boiling water bath for four hours. Then the solutions were cooled, 
adjusted to the mark with water, and shaken thoroughly. Aliquots, from 1 to 5 ml., were trans 
ferred to 10 ml. volumetric flasks. If less than a 5 ml. aliquot was used, the sample was 
liluted with 4.5N hydrochloric acid to 5 milliliters, Then 1 ml, of 0.1 per cent sodium nitrite 
vas added to each flask with thorough mixing, followed in three minutes by 1 ml. of 0.5 per 
cent ammonium sulfamate., The resulting solution must be thoroughly mixed to remove excess 
nitrite. After two minutes, 1 mi. of the 0.1 per cent solution of the coupling reagent was 
added. The time was measured from the beginning of the addition of sodium nitrite. If the 
xcess sodium nitrite was not destroyed, the N-(1-naphthyl)-ethylenediamine would couple with 
tself as well as with the diazotized Urokon with the production of a bright red color which 

ided rapidly. About twenty minutes after the addition of the sodium nitrite, the volumes 
ere adjusted to the mark with water and the solutions were mixed thoroughly. Light ab- 
rption measurements were made after one hour with the Klett-Summerson colorimeter 
filter 54). Readings divided by concentrations in micrograms gave an average K value of 

From the Department of Biological Chemistry, Medical School, University of Michigan. 

_ This research was supported by a grant from the Mallinckrodt Chemical Works, St. 
suis, Mo. Urokon was synthesized in their research laboratories. 

teceived for publication, July 13, 1949. 

*Toxicologic studies were made in the Department of Pharmacology, University of 


ichigan Medical School, by Dr. Seevers and_ staff. 
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TABLE [. SUMMARIZED DATA FOR VARIOUS CONTRAST MEDIA 


POLERATED 


CONTRAST MOLECULAR DOSAGE PER KG. 
MEDIUM WEIGHT! IODINE “ BODY WT. ( MG.) CHEMICAT NAME 

Diodrast 527 HOLS 3 000-4,000 Sodium 3.5-diiodo-4 pyridone N-acetate 
with ethanolamine 

Neo Lopax $9] ay Bes 8 00-9, 000 Disodium 3,5-diiodo-4-(N methyl pyri 
done ) 2 6-diecarboxyvlate 

Hippuran 326 38.8 £,000-5,000 Sodium-o-iodohippurate 

Urokon DSO O0.0 S,000-9,000 Sodium 2,4,6-tritodo-3-acet vVlaminoben 
zoate 

1.57 + 0.03 over the range studied. Samples containing from 20 to 160 ug of Urokon were 

treated as outlined to establish a standard curve. A 5 ml. sample of water was treated in 


the same manner to serve as 2 reagent blank. It was found that a constant light source 


during the eolor development was necessaryv tO obtain consistent results. In sunlight, the 
amount of color produced was 40 per cent less than that in diffuse light. This loss of color 
probably resulted from the destruction of some of the diazonium salt. Equivalent and re 


rroducible results were obtained when the entire reaction was carried out im diffuse davlight 
I : 


or in fluorescent light. Samples of diluted urine either without Urokon or with from 20 to 


160 wg per 0 ml. were treated as des ribed, It was found necessary to dilute the urine ten 
fold before hvdrolvsis to prevent the formation of black ploements. 100.0 = 1:8 pel cent of 
Urokon added to samples ot urime was recove red, 
Ta on ind . arshal ~ diuted ane LeCTHOLV Ze% yslood with per cen SaUponib Solu ion 
Bratt 1 Marshall? diluted 1 | Ivzed bl h J t lut 


and removed the proteins with 30 per cent trichloroacetic acid. Since in our experience better 
recoveries were obtained without Ivsis of the cells, the samples were diluted to give a con 
centration of approximately 1 per cent sodium chloride prior to deproteinization, To a 50 
ml. volumetric flask containing 2 ml. of 25 per cent sodium chloride, about 40 ml. of distilled 


water were added. After a 1 ml. sample of blood was transferred to the flask, 


ml. of 
per cent trichloroacetic acid were added slowly with continuous shaking and the volume was 


adjusted to the mark with water. The suspension was mixed thoroughly and, after five 


minutes, filtered through a Whatman No. 40 paper. Aliquots of the filtrate, from 1 to 5 ml, 


were hydrolyzed and diazotized by the procedure described. Urokon added to blood in amounts 
ranging from 25 to 75 we was recovered to the extent of S86 +1.5 per cent. This recovery is 
similar to that observed by Bratton and Marshail2 for sulfanilamide added to blood. The 


4 


results tabulated for blood were corrected for this low value. 

In the analysis of animal tissues, kidney and spleen were ground in a glass homogenizer 
(Potter-Elvehjem) with 3 ml. of 10-°N sodium carbonate. The homogenizer stem was washed 
with about 10 to 15 ml. of the sodium earbonate solution and the content of the tube was 
transferred to a 50 ml. volumetric flask. The protein in the homogenate was precipitated 
by the same procedure used for blood. Since different portions of the liver gave widely 
variant blanks, the whole tissue was homogenized and transferred to a volumetric flask of 
appropriate size, so that a final 1 to 50 dilution, similar to that of other tissues, was main 


f the proteins. Samples of the tissues either without Urokon or 


tained during precipitation ¢ 
with from 20 to 60 wg added before homogenization resulted in an S86 + 8 per cent recovery 
of the compound from kidney and liver and a 100 + 3 per cent recovery from spleen. No 
explanation can be offered for the complete recovery of the Urokon from spleen as compared 
with the lower recovery from blood and. other tissues. \pparently this compound as well 
as the sulfa drugs is lost by adsorption on proteins during the process of deproteinization. 
Evidence which will be presented later in the paper indicates that the low values are not 
due to the removal of the amino group by tissue enzyme action. 

Determination of Hippuran and Ll rokon.——The procedure of Matthews, Curtis, and Brode® 
for the distillation of total iodine was adapted to the determination of the iodine in Hippuran 
and Urokon. The reagents and apparatus, described in their paper, were used with little 


modification. The procedure consisted of the oxidation of all organic material and iodine in 
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aw sample by acid chromium trioxide with subsequent reduction of the iodate formed to iodine 
with phosphorous acid and steam distillation of the iodine. The receiver, a 50 ml. volumetric 
flask, contained a mixture of sodium carbonate and sulfurous acid, which converted the iodine 
to iodide, The analysis of the distillate was carried out in acid solution by oxidizing aliquot 
samples with potassium permanganate and destroying the excess permanganate with sodium 
nitrite. The resulting iodate was determined by titration with sodium thiosulfate after 
liberation of iodine by the addition of potassium iodide. White light. essential for this micro 
titration, was furnished by a 200 watt bulb shining through an opal glass filter. 

\ few changes were necessary to adapt the method for the analysis of iodine-containing 
organic compounds. A ratio of chromium trioxide to sulfurie acid of 1 to 5 was optimal. 
In oxidizing aqueous solutions or urines, 1 ml. of chromium trioxide was adequate for 1 to 10 
ml. of the sample, but for blood on kidney tissue, 2 volumes of the oxidizing agent were re 
quired per gram of tissue. Immediately before distillation, the mixture of sample, chromium 
trioxide, and sulfurie acid was heated carefully until sulfur trioxide fumes filled the flask. 
Then the solution was diluted with sufficient water to insure complete recovery of the iodine 
in the subsequent distillation. In the case of Urokon the water was added as soon as possible, 
but samples containing Hippuran were cooled fifteen minutes before dilution. In the analysis 
of aqueous solutions or urine, 35 ml. of water were added, but for blood and kidney samples, 
the volume of water equalled 25 ml. plus one half of tie volume of sulfurie acid previously 
added. The amount of phosphorous acid for aqueous solutions or urines was 10 to 15 ml.; 
for blood and tissue, 5 ml. were adequate. Recoveries of the iodine of Hippuran from water, 
urine, and blood averaged 100 + 1.0, 101.4 + OS, and 101.1 + 0.4 per cent respectively. For 
Urokon, the reeoveries from water, urine, blood, and kidney were 100.2 + 1.4, 98.5 + 1.0, 
99.0 + 1.5, and 99.6 + 1.7 per cent respectively. 

Determination of Diodrast and Neo-lopax.—The method of Alpert4 for the determina 
tion of the iodine in organic compounds such as pyridones was employed for the analysis of 
Diodrast and Neo-lopax. In this procedure, the iodine of a 1 to 10 ml. sample was oxidized 
in an acid solution to iodate with bromine and the excess bromine was boiled out. The re 
sulting iodate was determined by titration with sodium thiosulfate after liberation of iodine 
by the addition of potassium iodide. To determine the accuracy of this method, amounts of 


Diodrast and Neo-lopax containing from 16 to 75 ug 


of iodine were added to water, urine, 
and serum, From urine, the recoveries ot Neo lopax averaged 100.0 + 1.0 per cent and of 
Diodrast, 103.5 + 1.2 per cent. These compounds were added to serum before the = zine 
hydroxide precipitation of the proteins and samples of the filtrate (1 to 10 ml.) were 
analyzed. The recoveries of Diodrast averaged 98.0 + 2.2 per cent and of Neo-lopax, 95.9 


© 1.2 per cent. 
RESULTS 


Since Urokon is very soluble (.e., 94 Gm. per 100 Gm. of water at room 
temperature), it was thought that this material might be absorbed rapidly from 
the intestinal traet. Fasted rats were fed from 1 to 2 Gm. of Urokon by the 
(‘orl technique. At varving intervals, the animals were sacrificed and the kid- 
neys, liver, spleen, blood, and intestines were analyzed for Urokon. Four of the 
inimals were placed in individual metabolism cages and the urines were collected. 
During the first and second twenty-four hours after feeding, 12 and 2 per cent 
respectively of the amounts given were exereted by the kidney. The Urokon was 
oorly absorbed since 81 per cent was still present in the intestines after three 
iours. Although the kidneys, liver, and blood contained small amounts, the 
nilligrams of Urokon per gram of tissue was much greater in the kidney than 
n either the liver or blood. From these results it was concluded that the kid- 


ey exereted the Urokon which was absorbed 
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A study of the rate of exeretion of Urokon was undertaken to ascertain 
whether at any time there would be enough of the compound in the urine to 
permit visualization of either the kidneys or the urinary bladder. Urokon was 
injected into the dorsal tail veins of rats which had been immobilized in a ree- 
tangular wire cage just large enough to confine the rat. Before injection, an 
animal was placed in the cage which was set in an oven at 40° C. for about eight 
minutes to dilate the blood vessels. After the tail was cleansed with alcohol and 
xvlene, 0.1 ml. of a 50 per cent solution of Urokon was injected by means of 
a1 mi. tuberculin syringe fitted with a 26 gauge Tiuber needle. At definite in- 
tervals the animals were chloroformed and blood samples were obtained by 
cardiac punctures. Then the kidneys were removed as quickly as possible and 
wiped free of surface blood. All of the samples were analyzed by the method 
employing chromium trioxide. The results obtained indicate that the rapid 
excretion of Urokon was paralleled by a decline in the blood level (Table IT). 
This observation was corroborated hy X-ray studies on rats which showed that 
in fifteen minutes the bladder contained a large amount of the material injected. 
When from 0.5 to 1 ml. of a 50 per cent solution of Urokon was injected, the 
concentration in the kidneys was not significantly different from that present 
when 0.1 ml. Was injected, The blood levels, however, were three to four times 
greater, which would indicate that there is a maximal rate at which the kidneys 
can excrete this compound, 


TABLE II. CONCENTRATION OF UROKON IN BLOOD AND KIDNEYS OF RATS* AFTER DNTRAVENOUS 
INJECTION 


INTERVAL AFTER 


INJECTED MG. INJECTION MIN. BLOODT MG. KIDNEYt ( MG.) 

D0 is 0.74 3.56 
a0) 10 49 2.42 
50) 20 0.44 L.S5 
a0) 30 0.26 1.43 
50 OO OOS O.P0 
50 120 0.10 0.14 
50 ISO) O06 0.05 
200) 30 0.70 L17 
100) 30 0.90 1.61 

*The weights of the animals ranged from 175 to 250 grams. 

+Each figure represents the average result obtained with three animals. Urokon con- 


tent of the blood is expressed as milligrams of iodine in 10 ml. of blood; for kidneys, as 
milligrams of iodine in the total tissue of each rat. The iodine content of control bloods prior 
to injection was so slight as to be of no significance. 


A comparative study of the rates of exeretion of Urokon, Diodrast. Neo- 
lopax, and Hippuran by rabbits was undertaken. The commercially available 
solutions of these compounds were injected intravenously into the peripheral 
ear veins. An animal was immobilized and 1 or 2 mi. of one of the solutions 
were injected by means of a 1 ml. tuberculin syringe fitted with a half-ineh 25 
gauge hypodermic needle. At intervals of three, six, and twenty-four hours, the 
urines were collected for analysis. In order to observe the changes in the eon- 
centration of the iodine-containing compounds in the blood after intravenous 
injection, 2 ml. samples of blood were collected at intervals of ten minutes 
during the initial thirty minutes. Both the urine and the blood of the rabbits 
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were analyzed by the previously described methods. All of these substances 
were excreted rapidly during the first three hours and completely within twenty- 
four hours (Table IIL). During the initial thirty minutes, there was a rapid 
drop in the blood levels of the compounds (Table IV). 


TABLE TIT. URINARY LEVELS OF SEVERAL CONTRAST MEpIA AFTER INTRAVENOUS INJECTION IN 
RABBITS 


IODINE EXCRETEDT ( MG.) 
COMPOUND* 


O-3 HR. 3-0 HK. 6-24 HIR, 24 HR. -ECOVERY (% 
Urokon 305 DIS 7.0 BoD 10] 
Diodrast 196 14.4 15.7 226 91 
Neo-Lopax 233 iD.3 20.2 269 103 
Hippuran A177 S.0 6.9 331 85 
f *The amounts given were as follows: Urokon, 500 mg. as a 50 per cent solution ; 
Diodrast, 500.5 mg. as a 35 per cent solution: Neo-lopax, 500 mg. as a 50 per cent solution ; 


and Hippuran, 1,000 mg. as a 50 per cent solution. 
+The results for both urine and blood are the averages of three animals. Since all the 


compounds contained iodine (see Table 1) the results are expressed as milligrams of iodine 
present. 

To determine the rates of exeretion of Urokon, Diodrast, and Neo-lopax in 
man, each of three patients received all three of these compounds by intravenous 
injections of 25 ml. of the commercially available solutions. At least twenty- 
four hours elapsed between the administration of each of the compounds. The 
urines were collected by catheterization at thirty-minute intervals during the 


iABLE LV. BLoop LEVELS oF SEVERAL CONTRAST MEDIA AFTER INTRAVENOUS INJECTION IN 
RABBITS 


IODINE PER 10 ML. BLOOD (MG. ) 


COM POUND* 2 MIN. 10 MIN, PO MIN. 50 MIN. 
Urokon foo t.] 3.0 2.6 
Diodrast t 3.6 LS LS 0.8 
Neo-lopaxt 79 6.0 3.6 3.2 
Hippuran 1.0) 2.8 2.1 

*The amounts given and the animals used were the same as in Table III. 


*These results were converted from serum to whole blood by calculation from hemato- 
crit values of the samples. 
first three hours after injection. Urokon was analyzed by the colorimetric 
method, and Diodrast and Neo-lopax, by the direct bromine oxidation deseribed 
previously, The rates at which the three compounds were excreted by these 
patients with renal dysfunction varied considerably (Table V). In the ease of 
Subject 1, essentially the same percentage of the injected materials was elim- 
inated in three hours, but for Subjects 3 and 4 the amount of Diodrast excreted 
was distinetly higher than that of the other two compounds. Data in Table V 
indicate that in the case of two of the patients approximately 50 per cent of 
the injected Urokon was excreted in three hours. The urines of six other pa- 
tients, collected over a period of twenty-four hours after the injection of 25 ml. 
ft a 50 per eent solution of Urokon, were analyzed by the chromium trioxide 
xidation procedure. Complete (100 per cent) recovery of the Urokon was 
tained in these twenty-four hour specimens of urine. 
To determine whether the relationship between the levels of Urokon in the 
rine and blood observed in rats and rabbits also could be noted in man, three 
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V. COMPARAT RATES OF EXCRETION OF UkOKON, DIODRAST, AND NEO-TOPAX IN) MAN 
SUBJECT ] SUBJECT 3 SUBJECT 4 
NTERVAT NEO, Diy UCROKON NEO, DLO, UROKON NEO, DIO, UROKON 
MIN, O// Ch /, CK CA / O/ C7” ) o/ 
0-50 S.( 2.0 $e) aoa) 19.0 O05 24 S.6 5 
30-60 1.9 9 9.5 9.8 25.0) 12.8 3.0 O.4 0) 
60-90 74 6.0 Gs SS 11.6 10,9 et SLs 6.S 
90-120 S.6 17.1 be ia a1 7 Del 6.0 Lz 
120-150 QR 7. O06 6.0 58 6.4 5.5 ¢ Be DoS 
150-180 S. 6.0 6.5 64 5.05 7.8 6 
Total recovery DOS Ou. 4. 92.0 o2.1 OY.6 17.0 Ao 14.8 27.3 
‘Each subject: received inti enous injections of 11.5 Gm. of Urokon and Neo-lopax a 
50 per cent solutions and 8.1 Gm. of Diodrast a ae per cent solution. The results are re- 
ported iS percentages of the total imount injected that was excreted during each thirty 


minutes 


patients who were considered to have a normal renal function were given 25 
ml. of a 50 per cent solution of Urokon. Urines obtained by catheterization 
and venous blood samples were collected at varying intervals during the initial 
three hours after Injection, All of the samples, both blood and urime, were 
analyzed by the oxidation method employing chromium trioxide and the urines 
were cheeked by the colorimetric procedure. Since the analy ses of the urines 
for Urokon by the two methods gave identical results, it can be assumed that the 
Urokon was excreted in unchanged form. In any ease the low recoveries ob- 
tained by the colorimetric method tor Urokon after its addition to blood, liver, 
and kidney could not be explained by the enzymatic removal of the amino group. 

The results of this experiment summarized in Table VI indieate that the 
rate of excretion of Urokon fell rapidly during the first hour and more grad 
ually thereafter. Since simultaneous inulin clearances were not made to de- 
termine the rate of glomerular filtration, the tubular clearance cannot be eal 
culated. Absolute clearance values for these subjects are recorded ino column 
six of Table VI. It is apparent that these values, which with one exception are 
between 300 and 600 ml, per minute, are considerably greater than the clearance 


volumes which would be obtained if glomerular filtration alone were involved. 


TABLE VI. ABSOLUTE CLEARANCE VALUES OF UROKON IN MAN 


UROKON AS ILODINI 


PrOTAT EXCRETED ABSOLUTI 

INTERVAI EXCRETED PER MIN. BLOOD LEVEL4 CLEARANCES 

SUBJECT MIN. MG. MG, MG. Miu. PER MIN. 
5 15-30 593 39.5 11.6 S41 
20-60 G66 oe S.4 hed 
60-120 1,441 24.0 D.7 119) 
120-180 992 PS, D0 177 
in 15-30 SOS DUG 10.0 5QS8 
20-60 1,054 454 6.1 77 
60-120 1.410 93.5 1.3 Hoe 
120-180 879 14.7 2.6 560 
f 15-30 735 19.0) 13.8 356 
30-60 1,238 11.2 12.1 d40 
60-120 1,728 28.8 2.9 1S7 
120-180 1.000 16.7 1.4 S80 


*Each patient received 11.5 Gm. of Urokon as a 50 per cent solution by intravenous 
injection. 

*The results for venous blood, sampled at the beginning of each interval, are expressed 
in milligrams per 100 ml. of blood. 
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To determine the maximum tubular exeretion of Urokon, much higher blood 
levels than those recorded in Table VI would be necessary. For Subject 7 for 
example, if a glomerular filtration of 125 ml. per minute is assumed, the amounts 
of Urokon excreted by the tubules for the periods are approximately 32, 26, 21, 
and 11 mg. per minute. Since a constant value was not obtained, it is apparent 
that a tubular maximum had not been reached. The experiments, however, on 
subjects with renal dystunetion, reported in Table V, show that in Subjeets 
1 and 4 the urinary excretion of Neo-lopax, Diodrast, and Urokon did not fall 
significantly during three hours. It is possible, therefore, that the tubular 
maxima were reached for these patients. 

Nesbit and Lapides” ° have made the first clinical studies of Urokon as a 
new pyelographie medium. This compound, injected intravenously into patients 
in either 80 or 50 per cent solutions, has vielded pyelograms as good as those 
obtained with other contrast media used. When Urokon was administered in 
30 per cent solution, it gave fewer undesirable side reactions than Neo-lopax or 
Diodrast. 

SUMMARY 


A colorimetric method for the determination of Urokon (sodium 2.4.6- 
triiodo-3-acetylaminobenzoate) in urine, blood, and various animal tissues has 
heen devised. Urokon was excreted rapidly after intravenous injection into 
either rats, rabbits, or man with a coneurrent decrease of the amount in the 
blood. In the rabbits and man, the rates of exeretion of Urokon were eom- 
parable with those of Diodrast and Neo-lopax. It would appear that Urokon, 


like Diodrast, is excreted to a large extent by a tubular mechanism, 


We wish to acknowledge the TMHaAny helpful suggestions ot Dr. Melvin A, Thorpe of the 
Mallinckrodt Research Laboratories. 

The clinical studies reported here were made in the Section on Urology of the University 
of Michigan Hospital by Dr. Reed M. Nesbit and Dr, Jack Lapides, to whom we are in 


debted for their cooperation. 
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THE EKFERECTS OF A NEW SYMPATHOLYTIC DRUG (PRISCOL) ON 
THE PERIPHERAL CIRCULATION INO MAN 


KHALIL G. Wakim, M.D., Pu.D..* Gustavus A. Perers, M.D.,t AND 
Bayarpb T. Hortrox, M.D.} 
ROCHESTER, MINN. 


Wirt tHe TrecHNicaL ASSISTANCE OF A. N, PORTER 


DRENOLYTIC and sympatholytie drugs are of special clinical interest 
because of the possibility that they may be useful in the treatment of 
various vasoconstrictive states, especially those with a functional basis. Priscol 
or Priseoline as it was named later (2-benzyl-4.5-imidazoline hydrochloride), 
also known as dibenzylimidazoline, can be given orally, intramuscularly, and 
intravenously and has been reported to have a relatively long-lasting effect. 

Hartmann and Isler’ were the first to report that of the substituted 
imidazolines, Priseol caused the greatest reduction in blood pressure. Meier 
and Miiller® reported that Priseol dilates vessels of mucosa and skin and that 
the vasodilatation was more pronounced in the extremities. They also re- 
ported that Adrenalin and Priseol together lowered the blood pressure. 
Meyer® demonstrated the adrenolytic properties of Priscol. Since that time, 
a number of investigations on the various actions of Prisco] have been reported 
and a number of claims have been made for its therapeutic efficacy in periph- 
eral vascular disease, hypertension, and other circulatory disorders. 

In the light of the favorable reports on Priseol] for a variety of peripheral 
vascular diseases, we became interested in making a study of the effeets of 
this new drug on the peripheral circulation in man in an attempt to appraise 
its therapeutic possibilities. 

The pertinent investigations reported in the literature present the various 
findings about and uses made of this drug as follows: Zothet demonstrated a 
decrease of circulation time to the toe as a result of administration of Priscol. 
Siedek® obtained a moderate increase of cardiac output in fourteen patients 
who received Priscol. According to the findings reported by Lippross,® Prisco] 
abolished the temperature gradient of arms and legs and increased the tem- 
peratures of the fingers and toes of patients. In a study on disorders of the 
arterial circulation, Singer’ reported that five minutes after intra-arterial in- 
jection of Priscol the oscillometric value of 100 mm. of mercury was 3 mm. as 
compared with 1 mm. before injection, and at 150 mm. of mereury, 1 mm. as 
compared with O millimeter. After further intra-arterial and intramuscular 
injections, for some time the oscillometric values at 100 mm. of mercury were 
mm, and at 150 mm., 6 millimeters. Ina comparative study of the effects of 
a number of drugs on skin temperature of healthy subjects and of a few pa- 
tients with vascular disease, Luft* reported that Priseol produced the greatest 
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increase in temperature. It has been stated that Priscol blocks the sympa- 
thetic motor pathways by action on the nerve terminals in smooth muscle.° 
AhIquist and Woodbury'’ reported inhibition of pressor and constrictor ef- 
fects of several sympathomimetic drugs by Priscol, but their depressor or 
dilator effects were practically unaffected.  Weissenbach and Farlong™ in 
jected 1 to 2 ce. of Priseol into the femoral or brachial artery and noted sur- 
prising dilator effects. The patient experienced an intense feeling of warmth 
and burning, especially at the terminal parts of the extremity. The region 
hecame intensely red and hot and the effeet lasted up to about two hours. 

Ahlquist, Huggins, and Woodbury!? reported that Priseol acts primarily 
as a sympathomimetic agent causing peripheral vasodilatation, cardiae stimu- 
lation, coronary vasodilatation, increased eardiae output, and some inhibition 
of the gastrointestinal musculature. In some instances they noted elevation 
of blood pressure and suggested that the changes of pressure depend on a 
balance between peripheral vasodilatation and increased cardiac output. They 
observed histamine-like and acetylcholine-like effeets in animals. 

By means of the bubble flowmeter or rotameter, Ahiquist, Huggins, and 
Woodbury'? measured the blood flow in the hind leg of the dog and observed 
an increase in blood flow after intra-arterial or intravenous administration of 
Priseol. In the human subjects who were given Priscol orally in doses of 25 to 
20 me, variable cardiovascular responses were obtained, but the pulse pres 
sure was always increased and the subjects usually experienced a feeling of 
cutaneous warmth. From this study it was coneluded that Priseol was an 
effective sympathomimetie antipressor and adrenolytie agent. 

Grimson and associates!’ studied the effects of similar doses of Priscol 
administered orally, intramuscularly, or intravenously in patients with periph- 
eral vascular disease. They observed generalized peripheral vasodilatation 
within two minutes after Priscol was given intravenously, within ten minutes 
after it was given intramuscularly, and within half an hour after it was given 
orally. Even though the delaved oral effect was less intense, the total effect was 
usually equivalent. They stated that single doses of 25 to 75 mg. usually pro- 
duce changes in the cireulation of the limbs equivalent to those produced by 
sympathetic block or by sympathectomy. The results they obtained in the 
treatment of Raynaud’s disease have been so encouraging that they decided, 
unless evidence of toxicity or tolerance develops, not to recommend sympathee- 
tomy any more. They concluded that Priseol has adrenolytie and sympatho- 
lvtie properties and also may have some histamine-like effect. 

Rogers! used Priscol in a variety of diseases and coneluded that Priscol 
is definitely effective in the treatment of peripheral vascular disease and in 
the relief of visceral pain due to vascular spasm. The relief of pain from 
syphilis of the central nervous system was attributed to the inhibitory effeet 
of Priseol on the stimuli to the blood vessels. The goose flesh is believed to be 
produced by stimulation of cholinergic pathways in the sympathetic division 


of the autonomie nervous system. 
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METITODS 


Ten persons volunteered for this study; five were patients who had various degrees of 
multiple sclerosis and the other five were subject to various types of headache. Before ob 
servations were started, the volunteer was asked to lie quietly on a comfortable bed for at 
least thirty minutes in a room which had a constant temperature of about 24° C. and a rela 
tive humidity of about 40 per cent. Blood flow was studied with the aid of the venous oc 
clusion plethysmograph and a compensating spirometer recorder.15 ~Plethysmographs were 
applied to all four extremities, which were prepared for measurements of blood flow. In 
the arm plethysmograph were included the hand, wrist, and forearm and the arm to 2 inches 
about 5 em above the olecranon process, In the leg plethysmograph were included the 
foot, ankle, and leg to 1 inch (about 2.5 em.) below the tibial tuberosity. Digital plethysmo 


graphs, by means of which heart rate and amplitude of the pulse were determined, were ap 


plied to the terminal phalanges of the index finger of each hand and to the second toe of each 


foot. The digital plethysmographs were connected by means of a fine plastic tubing (about 
lL mm. in diameter to a sensitive glass spoon manometer from which a small mirror. re 
flected the pulse beat to the same camera which recorded the blood flow curves. 

The cutaneous temperatures were recorded potentiometrically by means of copper-con 
stantan thermocouples which were applied to the forehead, to the palmar surface of the 
terminal digits of the right and left index fingers, to the skin over the right and left deltoid 
muscles, over the chest and over the right and left quadriceps femoris muscles, and to the 


plantar surface of the terminal digits of the right and left big toes. All thermocouples were 
kept in place throughout the period of observation and the temperatures were recorded at 
specified intervals as needed. 

The oral temperature was recorded as the body temperature, and the blood pressure was 
btained from the brachial artery by the usual clinical procedures, 

Under basal conditions control values for heart rate, pulse amplitude, blood tlow, blood 
pressure, oral and skin temperatures were established and these various determinations were 
repeated at regular intervals after the drug was injected. Prisco] was administered intra 

, : 


venously in a single dose of 50 mg, in 2 ¢.e, of solution over a period of two minutes. The 


observations were continued for at least forty-five minutes after administration of Priseol. In 
a few instances the observations were sade again in the afternoon, several hours after the 
drug was given, 
RESULTS 

Immediately after completion of the intravenous injection of 5G me. of 
Priscol, the face and neck in all subjects became flushed, and goose flesh ap- 
peared over the skin, especially of the neck and extremities. The extensive- 
ness and intensity of the goose flesh varied in degree in the different subjeets. 
A number of the subjects complained of formication and of a chilly sensation, 
especially over the back. One person shivered to such an extent that he was 
eonsidered to have had a real chill for about five minutes. The palms of the 
hands, the palmar aspects of the fingers, the soles of the feet, and the plantar 
aspect of the toes became pink and felt warm immediately after administration 
of Priseol. The pinkish color did not last long, but the hands and feet felt 
warm for several hours thereafter. In fact, some of the patients stated that 
their hands and feet never before had felt as warm and that this feeling of 
warmth in the extremities lasted throughout the afternoon, and in a few 
through the night too. 

Detailed data are given in Table I on the changes over the controls in 
skin temperature (° C.) recorded five, fifteen, thirty, and forty-five minutes 
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after the intravenous administration of 50 me. of Priseol. It can be seen that 
in the majority of cases the increase in temperature was greatest in the toes 
and this increase over the control temperature persisted for at least forty- 
five minutes after the drug was given. Ina few cases the temperatures were 
recorded again about five hours after administration of the drug and were 


still found to be higher than the control. On the average. the changes in skin 
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Fig. 1.—Representative set of temperature curves frotn one of the subjects before and for 
about one hour after intravenous administration of 50 mg. of Priscol. The increases in tem- 
perature of toes and fingers were relatively greater than those of other areas on the body after 
the drug was given. 


temperature over the chest and forehead were least significant; in a few cases 
there was a slight rise and in others a slight reduction. This observation con- 
firms the general opinion that of all parts of the body, the temperature of the 
skin over the trunk is least amenable to change. Fig. 1 gives a representative 
set of complete temperature curves from one subject before and for about one 
hour after intravenous injection of 50 me. of Priseol. It shows the relatively 
much greater rise in the temperature of the toes and fingers than the other 


areas after administration of the drue., 
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The oral temperature did not change significantly. In most instances 
there was a slight reduction averaging about 0.5° I. during the first half hour 
after the drug was given. Within one hour after the injection the oral tem- 
preature returned to the preinjection value in those instances in which a slight 
reduction was obtained during the first thirty minutes after injection. In 


two cases there was no change in oral temperature. 


LEFT FOREARM. BLOOD FLOW BEFORE AND AFTER PRISCOL 
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LEFT INDEX FINGER PULSE BEFORE AND AFTER PRISCOL 
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Fig. 2.—Representative records of blood flow in the left forearm and pulse in the left index 
finger before and after intravenous administration of 50 mg. of Priscol. The persistent augmen- 
tation in the blood flow and pulse amplitude should be noted. 


The percentage of change in blood flow after injection of Priscol over 
the control blood flow in the four extremities is presented in Table IL and 
Fig. 2. In the majority of the subjects Prisco] produced a significant increase 
in blood flow. The combined average increase in blood flow in both forearms 
was 89.0 per cent, 60.5 per cent, 48.5 per cent, and 46.0 per cent, five, fifteen, 
thirty, and forty-five minutes respectively after the intravenous administration 
of 50 mg. of Priscol. Similarly, the combined average inerease in blood flow 
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of both legs was 51.5 per cent, 45.0 per cent, 36.0 per cent, and 45.5 per cent, 
five, fifteen, thirty, and forty-five minutes respectively after administration 
of Priscol. Ina few patients, in whom blood flow was determined three to five 
hours after the drug was given, the increase in blood flow in the extremities 
was still maintained. 

The pulse volume definitely was increased in the majority of subjects, as 
indicated from the data reported in Table IIT on the changes in amplitude or 


volume of the pulse after intravenous injection of Priseol (Fig. 3). These 
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RIGHT INDEX FINGER PULSE BEFORE AND AFTER PRISCOL 
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Fig. 3.—Representative records of the digital pulse from the right index finger and 
second toe before and after intravenous administration of 50 mg. of Priscol. The immediate 
increase in the rate and the persistent increase in the amplitude of the pulse after administration 
of Priscol should be noted. 
changes in pulse amplitude as recorded from the terminal digits are indicative 
of vasodilatation in the blood vessels of the terminal phalanx. The appear- 
ance of a large pulse volume on top of an increased heart rate immediately 
after administration of Priscol suggests not only vasodilatation in the area 
but also an increase in cardiae output. 

Data on heart rate and blood pressure are presented in Table IV. The 
effect of Priscol on the heart rate was transient. Increases in heart rate oe- 
eurred within the first two or three minutes after intravenous administration 
of 50 mg. of Priscol over a period of two minutes. The magnitude of increase 
in heart rate varied in different individuals. The average increase in the 
ten subjects was 26 beats per minute, with a range of 6 to 48. On the whole. 
it can be generally stated that within fifteen minutes after intravenous ad- 
ministration of Priscol the heart rate returned to its preinjection value. 
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The changes in blood pressure produced by intravenous administration 
of 50 me. of Priseol, while the subject was lving on the test bed, were moder- 


ate (Table IV) and did not last long but were statistically significant. Tor 


TABLE LV. THE EFFECTS OF INTRAVENOUSLY ADMINISTERED PRISCOL (50 MG.) ON THE HEART 
RATE AND BLOOD PRESSURE IN MAN 


HEART RATE PER MIN. BRACHIAL BLOOD PRESSURE IN MM. OF MERCURY 
BEFORE GREATEST CHANGE 
HIGHEST PRISCOI APTER PRISCOI DIFFERENCE 

AFTER DIFFER SYS DIAS SYS DIAS SYS DIAS 
CASE CON TROT PRISCOL ENCI TOLIC TOLIC POLIC TOLIC TOLIME TOL 
] 66 LOS 12 105 65 116 60 1] a 
- 60 68 8 118 SO 140 0) v2 0 
3 66 90) 24 170 100 170 Q5 tt) 5 
} 96 120 24 125 Qi) 120 50 - Oo 1) 
5 72 90) IS 120 70 125 70 ° 0 
6 72 102 30 125 75 130 DD 5 20 
7 66 114 18 125 G0) 135 85 10 5 
S 72 108 +36 120 90 125 75 5 15 
9 | 66 93 27 115 75 110 60 ° 15 
10 66 72 6 110 70 120 70 10 0 
Mean +? 6.3 Mean 6 1] 
S.D. 13.9 S.D. 8.3 12.6 
S.E. 4 S.E. 2.6 3.98 
T value 5.9 T value 2.0 2.76 

P value | - 0.00] P value 0.05-0.02 | 0.05-0.02 


the ten subjects there was an average increase of 6 mim. of mereury in the 
systolic blood pressure and an average decrease of 11 mm. of mercury in the 
diastolic. Within fifteen minutes after Priscol was given, the blood pressure 
returned to preinjection levels. After the observations were completed, usu- 
ally within one hour after the drug was given, the blood pressure was de- 
termined again while the subjeet was sitting and also while standing. The 
blood pressure taken when the patient was sitting or standing showed slight 
but not marked reduction. There were no signs of hypotension or complaints 
of dizziness or weakness on standing, and walking away trom the bed after 
the observations were over did not produce any noticeable disturbance. How- 
ever, the patients who had advanced multiple sclerosis with dizziness and 
weakness reported transient aggravation of their symptoms. 


DISCUSSION 


The increase in blood flow in the extremities, the increase in amplitude 
of the pulse recorded from the terminal phalanges of the fingers and toes, and 
the rise in skin temperature, especially of the toes, gave evidence that Priscol 
produced peripheral vasodilatation. Since the control temperature of the 
toes was the lowest of all the areas over the various parts of the body from which 
cutaneous temperatures were recorded in these subjects, and sinee the great- 
est increase in skin temperature produced by Priscol was that of the toes, it 
ean be assumed that Priscol produced the greatest vasodilatation in regions 
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where vasoconstriction was most marked, namely, in the toes. In areas where 
the control temperature was relatively high, the vasodilating effect of Priscol 
was not marked. Presumably, in these parts vasodilatation was present prior 
to the injection of Priscol and caused the high cutaneous temperature. Con- 
sequently, the increase of vasodilatation caused by Priseol could not be as 
marked as in the regions where vasoconstriction was marked in the initial 
state. The effects of Priscol on the peripheral blood flow are not very marked 
but their duration was a matter of several hours. The slight reduction in oral 
temperature during the first half hour after administration of Priseol is at- 
tributable to the facilitated elimination of body heat through the cutaneous 
vasodilatation produced by the drug. 

Comparison of our observations after injection of Priscol with those pre- 
viously reported! after administration of histamine revealed two definite 
differences. (1) The immediate effeet of Priscol on the peripheral cireula- 
tion is like that of histamine but not as marked. (2) The circulatory effeets 
of Priseol last several hours, while those of histamine are transient. Therefore, 
the statement that Priscol has histamine-like effeets should be considered in 
the light of these differences. 


SUMMARY 


A study of the effeets of Prisco] on the peripheral circulation in man was 
made with the aid of the venous occlusion plethysmograph with a compensat- 
ing spirometer recorder, the digital plethysmograph, and potentiometric re- 
cording of the skin temperature over various regions of the body, including 
the fingers and toes. The oral temperature and the arterial blood pressure 
were obtained by the usual clinical procedures. 

Intravenous administration of 50 mg. of Prisco] in 2 ¢.c. of solution in a 
period of two minutes produced a definite increase in blood flow in the fore- 
arms and lees, which lasted several hours. 

The systole blood pressure increased an average of 61mm. of mereury and 
the diastolic decreased an average of 11 millimeters. The changes in arterial 
hlood pressure were transient; within fifteen minutes after intravenous ad- 
ininistration of Priseol the blood pressure returned to the preinjection level. 
There was a definite and immediate increase in heart rate after injection of 
Priscol which averaged 26 beats, with a range of +6 to +48, per minute over the 
control rate. The heart rate returned to the preinjection level within fifteen 
minutes after administration of Priscol. There was a definite increase in the 
amplitude of the digital pulse even during the rapid heart rate produced by 
Priseol. 

Priscol produced the greatest increase in the temperature of the skin over 


the lower extremities, especially the toes. 
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THE EREECT OF PROCAINE PENICILLIN ON THE 
BACTERIOSTATIC ACTION OF SULFADIAZINE 


DD. GoLpBERG, M.D., aNd B. M. KaGan, M.D. 
CHicaco, Inn. 


ENICILLIN and sulfonamides are frequently given concomitantly to pa- 
go with severe or potentially severe bacterial infections. Since the more 
slowly absorbed procaine penicillin preparations became available, they have 
often been used together with sulfadiazine. The various commercial procaine 
penicillin preparations contain approximately 120 to 125 mg. of procaine per 
milliliter! and 800,000 Oxford units of penicillin per milliliter. Because pro- 
caine has been reported to interfere with the bacteriostatic action of the sul- 
fonamides,? it seemed important to determine whether or not the amount of 
procaine administered in the usual therapeutic dose of procaine penicillin has 
any demonstrable antisulfonamide effect. 

Woods? in 1940 demonstrated that para-aminobenzoie acid (PABA) in very 
small quantities interferes with the bacteriostatic effect of sulfanilamide and 
sulfapyridine in vitro. He further showed that the efieet of procaine was similar 
but that it was slightly delaved. He thought the delay might be due to hydro- 
lysis of the procaine by the bacteria being used in the experiment. Kiseh and 
co-workers® and Goldberg and associates* showed that procaine is hydrolyzed 
to para-aminobenzoie acid in man by an enzyme which is present in serum and 
in liver. 

Sulfonamides exert their bacteriostatic action by blocking the enzyme 
system of bacteria in which para-aminobenzoie acid is an essential metabo- 
lite. * The administration of an excess of para-aminobenzoie acid (or pro- 
caine which later is hydrolyzed to para-aminobenzoic acid) interferes with the 
blocking of this system by the sulfonamide. 

Scibie’ showed that para-aminobenzoic acid will inhibit the bacteriostatic 
effect of sulfanilamide in mice given lethal doses of hemolytic streptococci. 
Peterson and Finland’ reported that serum procaine concentrations of 1.7 mg. 
per 100 ml. in man ‘*. .. had a definite inhibiting effect on the bacteriostatic 
In 
vitro studies showed that in human serum, levels of 0.1 mg. per 100 ml. of pro- 
caine inhibited the action of 10 mg. per 100 ml. of sulfathiazole. Their pre- 
liminary studies showed that 0.5 to 2.5 Gm. of procaine given to adults resulted 
in blood procaine concentrations of 0.5 to 1.7 mg. per 100 ml. of free procaine 


9 


action of sulfathiazole in coneentrations as high as 25 me. per 100 ee. 


with about an equal amount in the conjugated form. 
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The amount of procaine given to adults with each dose of 300,000 units of 
procaine penicillin is only 120 to 125 milligrams. However, the question arises 
as to whether this dose in small children may have a significant antisulfonamide 


effect. Carson and co-workers!" stated recently, ** As long as there is a possibility 
of inhibition of sulfonamides by para-aminobenzoie acid derived from proeaine, 
it is felt that plain crystalline penicillin should be used in the more severe in- 
fections where the sulfonamide drugs must be concomitantly employed.”’ 
Wilson and eo-workers'' pointed out the need for further information on this 
important question, This study was undertaken, therefore, in order to clarify 


this problem. 


MATERIALS AND METHODS 


Two gram-negative organisms, Proteus Morganii and Escherichia coli (MacCleod), 
each sensitive to sulfadiazine and resistant to penicillin, were used, The sensitivities of these 
organisms to sulfadiazine and to penicillin were determined by incubating a standard inocu 


lum (0.1 ml. of a J 


8 dilution of a six-hour culture) in varying concentrations of sulfa 
diazine and penicillin in nutrient broth for eighteen hours at 87° CC. The strain of P. mon 
ganii Was sensitive to a sulfadiazine concentration of .025 mg. per 100 ml. and the strain of 
Esch. coli was sensitive to 1.56 mg. per 100 milliliters. Both organisms were resistant to 
20 units per milliliter or less of crystalline penicillin G in broth. There was no change in the 
sensitivity of these organisms to sulfadiazine in vitro when 5 units per milliliter of penicillin 
were added to the broth. In other words, the presence of this amount of penicillin in the 
culture medium exerted no synergistic bacteriostatic effect with the sulfadiazine. 

Six patients, aged 4 to 12 vears, with apparently normal renal and hepatie function, 
were given therapeutic doses of sulfadiazine orally every four hours (0.06 Gm. per pound 
per day up to a maximum of 4.0 Gm, per day). The first blood specimen was drawn three 
hours after the sixth dose of sulfadiazine. It was analyzed colorimetrically!? for serum 
sulfadiazine concentration. The serum also was diluted serially and incubated with a standard 
inoculum of test bacteria. In four of the sera, P. morganii was used for the inoculum and in 
two Esch. coli was used. The minimum concentration of sulfadiazine in the sera which in 
hibited growth was thus determined. After the first blood specimen was drawn, 1.0 ml. of 
un aqueous procaine penicillin preparation® was given intramuscularly, and the sulfadiazine 
administration was continued. On blood samples obtained at various intervals thereafter, 
the serum sulfadiazine concentrations were again determined colorimetrically. The minimum 
concentrations in terms of milligrams per 100 ml, of sulfadiazine which inhibited bacterial 


growth were also determined, Each serum was also assayed for penicillin concentration, 


RESULTS 


The data in the table show the minimum concentrations of sulfadiazine which 
inhibited the growth of standard inocula. They show that the minimum con- 
centration which inhibited growth of the test organism was essentially the same 
after procaine penicillin had been administered as it was before. All the sera 
contained high levels of penicillin indicating good absorption of the procaine 
penicillin from the tissues. These data show that no antisulfadiazine activity 
is present in the sera of children receiving 300,000 units of procaine penicillin 
under the conditions of the experiment. 


*Crysticillin was supplied by E. R. Squibb & Sons, New York, N. Y. 













































PROCAINE PENICILLIN AND BACTERIOSTATIC ACTION OF SULFADIAZINE 


ErreCT OF PROCAINE PENICILLIN ON THE BACTERIOSTATIC ACTION OF SULFADIAZINE 


MINIMUM CONCENTRATION OF SULFA 
DIAZINE WHICH INHIBITS GROWTH 
(mMG./100 MI.) 


HOURS AFTER SERUM SULFA SERUM PENI 


INJECTION OF | DIAZINE CON CILLIN CON BEFORE APTER 
PROCAINE CENTRATION CENTRATION TEST PROCAINE PROCAINE 
SUBJECT | PENICILLIN (mMa./100 ML.) | (UNITS/ML. ) BACTERIA PENICILLIN | PENICILLIN 
a. PD: 0 11.8 ee P. morganii 0.050 eee 
S 14.0 aa ee 0.055 
24 18) 1.60 7 0.050 
H.C. 0 D0 Peas P. morganii O16 Bac 
t 3.9 2.56 aoe 0.16 
Ne 0N 0) s.9 7 P. morganii 0.079 
} 10.9 aye (be 0.08 
DO: 0) 7.6 ate P. morganil 0.12 
S 6.4 LW he ore, O.10 
J. Me. 0 S.4 ten Eaee Esch. coli 0.14 =e 
{ 7.0 10.0 saat 0.11 
D. 8. 0 11.0 ode Esch. coli 0.078 ates 
| 9.1 2.56 : 0.075 


DISCUSSION 
Theoretically the procaine from the procaine penicillin salt is released so 
slowly that a signifieant blood level of procaine is probably not attained. In 
addition, para-aminobenzoie acid is excreted with relative rapidity. Therefore, 
at least three factors—low total amount of procaine in the injected material, 
slow rate of release to the blood stream, and rapid rate of exeretion of para- 
aminobenzoie acid—-probably account for the absence of antisulfadiazine ae- 


tivity when procaine penicillin is given as in this study. 


CONCLUSION 
Results obtained in this study show that the ba ‘teriostatic activity of sulfa- 
diazine in the serum of children receiving therapeutic doses of sulfadiazine is 
hot affected by the administration of presently available procaine penicillin 


preparations when the latter are also given in the usual therapeutic dosage. 
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RELATIONSHIPS BETWEEN SERUM WATER OR WEIGHT AND 
PROTEIN CONCENTRATION 


T. S. Danowsk1, M.D., ANp G. Hl. Guumore, B.A.* 
PirTsBURGH, Pa, 


| eeecnimagaeg relating the water content or the weight of a unit volume of 
plasma or serum to its protein concentration have been reported to be ap- 
plicable over a wide range of values.'"'* In some instances, however, the correla- 
tion has proved to be too low to predict levels of protein with sufficient ae- 
curacy.'’'’ The studies herein reported define circumstances under whieh a 
closer relationship may be expected between serum water content or serum 
weight and the total protein concentration. 


MATERIALS AND METHODS 


Venous bloed withdrawn from healthy adults or hospitalized patients was allowed to 
clot under oil, The supernatant serum was then analyzed for its concentration of total pro- 
tein by a modified Kjeldahl proeedure.2o In this determination 1.0 e.c. of serum was diluted 
to 25.0 ec. with 0.9 per cent saline. To duplicate 10.0 ¢.c. aliquots of this solution 5 
Hengar’s granules were added together with about 2 Gm. of K.SO,, 10 ¢.c. of mereurie oxide 
solution, and 15 ¢.c. of concentrated H,SO, The mixture was digested in a Kjeldahl flask 
until clear; it was cooled, and diluted with tap water, Metallic zine dust was then added, 
approximately 1 Gm., together with 40 ¢.c. of concentrated NaOH. The ammonia set free 
during seventeen minutes of distillation was caught in 50 ¢.c. of boric acid and titrated back 
with factored N/50 HCl using a comparator standard and methyl red as an indicator. In the 
calculation of the total protein content appropriate corrections were made for the whole 
blood nonprotein nitrogen, for the reagent blank, and for the burette error. The usual factor 
of 6.25 was employed in converting the nitrogen values to protein concentrations, 

The total protein concentration has been partitioned in each instance into albumin and 
globulin fractions using 19.0 and 26.8 per cent Na,SO, at 37° C. to precipitate the globu- 
lins.21, 22. The filtrate was then analyzed for albumin in accordance with the modified Kjel- 
dahl method already described. These values have been divided into three groups based on 
the source of the samples and the levels of albumin and globulin. Group A consisted of sera 
from twenty-six healthy male and female adults with essentially unaltered levels of albumin 
and globulin. The concentration of albumin in these subjects ranged from 3.82 to 4.80 Gm. 
per cent, averaging 4.16 + 0.83+; the highest and lowest globulin levels were 3.17 and 2.44, 
respectively, averaging 2.83 + 0.27 Gm, per cent. Group B included samples from thirty-seven 
hospitalized patients, children and adults, in whom the albumin and globulin fractions aver- 
iged 3.87 + 0.36 and 2.84 + 0.55 Gm. per cent. In this category the range of albumin values 
extended from 3.05 to 4.61, and of globulin, from 2.10 to 3.388. Hence the chief difference 
etween this category and Group A is the somewhat lower mean value for the serum 
albumin, Group C was made up of sera from patients with depleted levels of albumin (2.48 

1.01 with a range of 0.22 to 3.98) or with increased concentrations of globulin (3.63 + 
from 1.90 to 6.94 Gm. per cent). In some both hypoalbuminemia and hyper- 
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globulinemia were present. A number of patients with abnormally high levels of blood 
sugar,28, 24 nonprotein nitrogen,2° or cholesterol25 are included in this group as well as in 
Group B. 

Duplicate or triplicate 1.0 e.c. aliquots from each sample of serum were weighed rapidly 
at 26 to 27° C. in tared vessels to the nearest one-tenth of a milligram prior to and following 
a forty-eight hour or longer period of dehydration at 96° C. Before the final weighing, dishes 
were stored for two or more hours in a CaCl, desiccator to allow cooling without absorption 
of water. The results have been expressed as (a) water content in grams per unit volume, 
(b) percentage of water per gram of serum, and (c) the weight of 1.0 ¢.c. aliquots of serum. 
These values have been plotted independently in each of the three groups of subjects against 


the total serum protein concentration obtained by Kjeldahl analysis. 


RESULTS 

From Fig. 1.4 and B it is evident that in sera without abnormal concentra- 
tions of the protein fractions a close relationship is present between the weight 
of water in a unit volume of serum and the Kjeldahl protein level. On the other 
hand, inspection of Fig. 1,C, composed of sera with abnormal concentrations of 
the protein fractions, reveals a considerable scattering. It is to be noted that 
the points most distant from a theoretical line of best-fit represent, with but 
few exceptions, sera from subjects with whole blood nonprotein levels ranging 
from 40 to 278 mg. per cent, blood sugar concentrations as high as 198 to 372 
mg. per cent, or serum cholesterol values between 333 and 1,427 mg. per cent. 
These deviations from ordinary concentrations of these serum or blood con- 
stituents are identified by symbols described in the legend to Fig. 1. It will 
be seen, however, that some sera from subjects with high blood sugar or non- 
protein nitrogen concentrations are close to the theoretical line of best-fit, 
whereas samples with an increased cholesterol content invariably lie below it. 

Similar findines are evident in Fie. 2 in which the water content has been 
expressed as the percentage of water by weight in a gram, rather than in a unit 
volume, of serum, Comparison of this value with the serum protein concentra- 
tion shows a minimal dispersion in regard to the sera with normally partitioned 
protein fractions (Fig. 2,A and B), but it fails to give any diseernibly better 
agreement in sera with abnormal protein fraction concentrations (Fig. 3,C). 
Again, it is evident that hypercholesterolemia is associated with displacement 
downward from the line of best-fit, whereas this is not necessarily true in the 
case of hyperglycemia or azotemia. 

The best correlation in this third group of subjects, hospitalized patients 
with abnormalities of the albumin-globulin levels, is evident when the weight 
of a unit volume of serum is plotted against the Kjeldahl results (Fig. 3,C). 
The seatter is visibly minimized, leaving only one sample from a hyperglycemic 
subject removed from an otherwise homogeneous distribution. However, this 
correlation does appear on inspection of Fig. 8,A and B to sacrifice some ac- 
curacy in predicting the serum protein content in patients or subjects with a 
normal partition of the protein fractions. 

The interrelationships of the foregoing variables have been defined by 
mathematical computations summarized in Table I.* These have been carried 


*The authors are indebted to Mr. Carrol S. Weil, Mellon Institute Fellowship in Toxi- 
cology, for these calculations. 
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SERUM WATER OR WEIGHT AND PROTEIN CONCENTRATION 
out to 5 places but are presented in shortened form, The tabular data confirm 
the tentative conclusions drawn from the figures, since in Groups A and B com- 
parison of the Kjeldahl protein value with the water content of serum, expressed 
in either of two ways, vields low standard errors of estimate and high correla- 
tions. On the other hand, in sera with marked disturbances of the albumin or 
globulin fractions, Group C, plotting the weight of 1.0 ¢.¢. of serum against the 
Kjeldahl protein results in standard errors of estimate that are smaller and 
correlation coefficients that are higher than those obtained by use of the water 
content. In all of the correlations listed in Table I the application of the ‘‘t’’ 
test for “*r’’ supports the validity of the findings obtained by means of the 
correlation coefficient. The possibility that these interrelations represent chance 
findings is quite unlikely since the value of **p’’? was less than 0.01 in all but 
category 3A, 


DISCUSSION 


The graphic evidence is convincing that in most instances deviations from 
a straight-line relationship between water and protein content of sera with ab- 
normal concentrations of fractions represent samples with increased amounts of 
cholesterol, nonprotein nitrogen, or glucose. The finding that the use of the 
weight of a unit volume of serum or, for practical purposes, the specific gravity 
eliminates in great measure these extensive deviations evokes both comment and 
speculation. It has been noted already that sera with a cholesterol content of 
333 me. per cent or higher showed an abnormally low water content and vielded 
false high values in the estimation of protein, This suggests that, in any unit 
volume or mass of serum, cholesterol and presumably other lipids displace sig- 
ificant amounts of water. Since proteins do the same it is obvious why hyper- 
lipemia might interfere with accurate predictions. The better results obtained 
by using the weight of a unit volume then become explicable if it is assumed 
that the specific gravities or densities of cholesterol and other lipids more closely 
resemble water than protein. This is indeed the faet.°° ?* Under these cireum- 
stances the total protein content of serum becomes the chief determinant of the 
specific gravity or the weight of a unit volume, irrespective of abnormalities of 
the fractions. This latter view is supported by the studies of Nugent and 
Towle?> demonstrating that alterations in the relative proportions of albumin 
and globulin do not vitiate the close relationship which exists between specific 
eravity and the total amount of protein present. 

It should be stated that the roles assigned to the variables in the foregoing 
hypothesis are based on the directional rather than the quantitative character- 
istics of the recorded deviations. This speculation does not produce, of course, 
in explanation for the errors in the estimation of protein associated with hyper- 
‘lyecemia or azotemia. The presence of sugar in increased amounts, in contrast 
0 the effects of cholesterol, seems at times to be associated with increases in 
he amount of serum water and hence vields false low estimates of protein based 
n the water content. No plausible explanation can be advanced for this find- 
ig or its sporadicity other than to suggest the rather unlikely possibility of an 
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osmotic gradient as a result of an unequal distribution of glucose in body fluids. 
Similarly no adequate definition of the role of azotemia in these interrelations 
is possible from the data given, since in some sera it Was associated with either 
false high or false low estimations of serum proteins. In other sera no such 
errors appeared irrespective of the degree of azotemia present. These findings 
suggest that other unmeasured constituents in such sera may be playing a role 
of equal or even greater importance in affecting the physical characteristics of 


the samples. It is probably unnecessary to point out that the results of these 





studies do not provide any argument for the use of specific gravity or serum 
water formulas in the estimation of protein concentration in preference to other 
methods of analyses. All the evidence would indicate that even in the com- 
parisons in which the correlation was excellent quantitatively significant dif- 
ferences were present between the estimations and the kK jeldahl-determined pro- 
tein level. Furthermore, it is realized that the Kjeldahl] nitrogen determination 
is not strictly speaking a direct measure of protein concentration, These studies 
might well serve to eliminate, however, some of the extensive errors encountered 
in the prediction of protein concentration from the water content or the density 
of serum or plasma. 


SUMMARY AND CONCLUSIONS 


1. In regard to essentially normal sera, predictions of the protein concentra- 
tion based on the water content either per gram or per unit volume of sample 
will have errors of estimate that are lower and correlations that are higher than 
those obtained using the weight of a unit volume or the specific gravity. 

2. Deviations from a high degree of correlation between serum water and 
protein content in sera with abnormal albumin-globulin fractions appear to be 
associated with hyperlipemia, azotemia, or hyperglycemia. 

3. In regard to abnormal sera, comparison of the weight of a unit volume 
with the Kjeldahl protein yields a smaller error of estimate and a better correla- 
tion than that obtained by using the water content. 
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COMPARATIVE ELECTROPHORETIC AND CHEMICAL 
ESTIMATIONS OF HUMAN SERUM ALBUMIN; 
AN EVALUATION OF SIX METHODS 


Bb. V. JaGer, M.D., T. B. Scuwartrz, M.D.,* Evin L. Smirn, Pu.D., 
MARGARET NICKERSON, AND DouGuAs M. Brown 
Saut LAKE Crry, Uran 


HE development of the electrophoretic technique provided an improved 

criterion for the characterization of serum albumin which now is recognized 
as a protein having a specific mobility under specified conditions, Until re- 
cently, most clinical laboratories have effected chemical separation of serum into 
albumin and globulin with the 21.5 per cent (weight/volume) sodium sulfate 
procedure devised by Howe.':? It now is recognized that the serum *‘albumin”™’ 
values obtained with this method are considerably higher than those found with 
electrophoresis. This finding has stimulated development of new chemical 
methods which would give values for serum albumin that are in closer agree- 
ment with the electrophoretic determinations. 

In this study, serum from a number of normal subjects and from patients 
with a variety of diseases has been examined with the electrophoretic technique 
and with six chemical procedures which include the use of 21.5 per cent sodium 
sulfate,? 26 per cent sodium sulfate,® * 26.9 per cent sodium sulfite,’ saturated 
magnesium sulfate,® buffered methanol,’ and a quantitative precipitin § tech- 
nique. In a few instances the ‘‘albumin’’ filtrates obtained by the salting-out 
procedures have been examined electrophoreticaily. It is not intended to point 
out the most satisfactory chemical method for albumin determination but rather 
to indicate the limitations of the methods examined. Any one of these six 
methods would appear to be suitable for most ¢linieal purposes. 


MATERIALS AND METHODS 


Total protein determinations routinely were performed by the Weichselbaum modifica 
tion of the biuret reaction.s The Coleman (Model 11) spectrophotometer was employed, 
using a wave length setting of 555 mw and 7 mm. cuvettes. This procedure was standardized 
with dialyzed human albumin of known protein content as determined by a semimicro-Kjeldah| 
procedure. The nitrogen to protein conversion factor was 6.25. Spectrophotometrie deter 
minations frequently were compared with the Kjeldahl values for human serum throughout 
the course of the study. Results agreed within + 2 per cent. 

For the salting-out methods and for the methanol technique, 9 em. Whatman filter papers 
(Nos. 5 and 42 as indicated by the procedures) were employed. Only one sheet of filte: 
paper was used. For the 21.5 and the 26 per cent sodium sulfate method and for the 26.! 
per cent sodium sulfite method, the initial one-third of the filtrate was discarded. Robinson, 
Price, and Hogden™ have demonstrated that an appreciable amount of albumin is adsorbed 
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onto the filter paper. For the methanol method, estimations uniformly were performed with 
fresh human serum (less than 6 hours old), In the magnesium sulfate method deseribed by 
Popjak and MeCarthy,® it was discovered that ‘‘oeeasional shaking’? of the serum salt mix- 
ture may result in lowering of the albumin values. That this was due to denaturation was 
demonstrated when a solution containing 4.9 Gm. per cent of albumin was subjected to the 
usual treatment with saturated magnesium sulfate and then was shaken at 18 oscillations 
per minute for increasing intervals of time. The concentration of albumin in the filtrate 
decreased progressively, After twenty-four hours of shaking, only 0.9 Gm. per cent of al- 
bumin remained in solution, Therefore the salt-protein mixture was shaken only initially 
and prior to filtration, The soluble protein content of the saturated magnesium sulfate 
filtrate was determined with a semimicro-K jeldahl technique since the alkaline biuret reagent 
precipitated magnesium hydroxide, The 21.5 and 26 per cent sodium sulfate and the 26.9 
per cent sodium sulfite represent weight/volume relations after addition of the serum to 
the salt solution. 


For the immunologic determinations, female rabbits (1.8 to 2.2 kilograms in weight) 
were immunized by intravenous injections of a total of 30 my. of alum-precipitated human 
albumin during a period of four weeks. The animals were bled one week later and the serum 
Was separated, Complement was removed by addition of egg albumin and its homologous 
rabbit antiserum. The antiserum was absorbed with a small quantity of purified human 
gamma globulin. Merthiolate was added as a preservative. The rabbit serum was filtered 
through sintered glass and was centrifuged in the cold immediately before use in order to 
remove any precipitate that might have appeared. To 0.5 ml. quantities of antiserum, 0.5 ml. 
portions of human albumin solutions of known and varying protein content were added. 
After mixing, the tubes were placed at 4° C. for forty-eight hours. The tubes then were 
centrifuged at 4° C. and the precipitate was washed twice by centrifugation with 3.0 ml. of 
chilled 0.15M sodium chloride, The protein content of the precipitate was measured spectro- 
photometrically with the tyrosine method of Heidelberger and MacPherson.!! The ‘‘tyrosine’ 
values were converted to protein content by referring them to the ‘‘tyrosine’’? values ob- 
tained with known quantities of human gamma globulin. For the measurement of albumin 
in human serum, suitable dilutions of human serum were added to a constant quantity of the 
calibrated antiserum. All determinations were performed in duplicate. The quantity of 
precipitate thus obtained permitted estimation of the amount of albumin antigen present in 
the diluted human serum. In each instance the supernatant fluid of the original precipitate 
Was examined by addition of albumin to one aliquot, antiserum to another. With this pro- 
cedure it is necessary to demonstrate the presence of an excess of antibody in the supernatant. 

Electrophoretic estimations were carried out in a Tiselius apparatus equipped with a 
Longsworth schlieren scanning device, All runs were made at 1.5° C. with a Veronal buffer 
at pH 8.4 to 8.6 and at an ionic strength of 0.1. The protein concentration in the cell was 
1.5 Gm. per cent. Only descending patterns were photographed. 

Clinical Material.—Both pooled and individual serum samples from presumably normal 
subjects were examined by all methods. Many of the sera came from patients with various 
diseases such as are found on a general hospital service. In the accompanying figures, sera 
from patients with the nephrotic syndrome are designated specifically. However, for simpli- 
fication, no other diagnoses are indicated, In ten subjects it was possible to perform all 
seven types of albumin estimation on each individual serum. In other instances, the quantity 
' serum was insufficient. Accordingly, in the accompanying charts, the values to be compared 
vith the electrophoretic estimations for each method were not obtained in each instance from 


ie same subjects. Serum samples were obtained from all individuals while in a fasting state. 


OBSERVATIONS 


The numerical agreement for albumin values between various chemical] 
methods and the electrophoretic estimations is illustrated in the accompanying 
six figures. The electrophoretically determined albumin expressed in per cent 
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of total serum protein is indicated on the abseissa (x-axis). The chemical values 
for albumin as per cent of the total serum protein are indicated on the ordinate 
(y-axis). In each figure there is indicated the theoretical line which would 
obtain had there been pertect correlation between the chemical and eleetropho- 
retie methods. From simple calculation, a line was constructed to fit the ob- 


served points. Included in each figure is the slope of the calculated line (6) 
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Fig. 1.—It will be noted that albumin/total serum protein as determined with 21.5 per 
cent NaeSO, is considerably higher than that obtained by electrophoretic estimation. The large 


patients. 
expected if both methods gave identical 
values. The broken line drawn to fit the observed points relating the two methods has the 
formula y a+ bx. In this figure, the value for a, the y intercept of the calculated line, is 
0.158 while the value for b, the slope, is 0.877. The deviation of the points from the calculated 
line expressed as S? is 37.9 (see text for explanation of S*). 

Fig. 2.—With 26 per cent NasSO,, the equation for the line relating chemical and electro- 
phoretic values is: y 0.084 + O.8082, Se $3.2. For an explanation, see Fi 
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and y° the caleulated value. 


(n-2) where vy = the observed value 


The serum obtained from patients with the 
nephrotic syndrome is designated specifically. 

As is indieated in Fig. 1, the chemical vaiues for albumin with the Howe 
21.5 per cent sodium sulfate method? generally are 10 to 15 per cent higher than 
the corresponding electrophoretic estimations. Eighty samples of serum were 
examined. The serum from patients with the nephrotic syndrome seemed par- 
ticularly difficult to evaluate for albumin content with this chemical method. 

In Figs. 2, 3, and 4, similar comparisons are made for fifty-two sera with 
the 26 per cent sodium sulfate method, thirty-four sera with the 26.9 per cent 
sodium sulfite method, and thirty-nine sera with magnesium sulfate. It would 
appear that the protein content of the filtrate formed with saturated magnesium 
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Fig. 3.—The linear expression relating values for albumin/total serum protein with the 
26.9 per cent NasSOs method and the electrophoretic method is: y 0.135 0.7572 and S- 
is 20.8. 

Fig. 4.—It will be noted that serum albumin as determined with saturated M2SO, approxi- 
mates closely the electrophoretic estimation. The equation for the line is y 0.047 + O.9TS82. 
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sulfate gave slightly better numerical agreement with the electrophoretic esti- 
mation of albumin than was obtained with the other two methods. It is perhaps 
of interest that with both the 26 per cent sodium sulfate and 26.9 per cent sodium 
sulfite, the albumin values which belong in the range found in normal human 
serum were somewhat lower with these chemical methods than with the electro- 
phoretie estimations. 

In the twenty sera in which electrophoretic analysis and albumin measured 
by the buffered methanol method of Pillemer and Hutchinson? were compared 
(Fig. 5), it will be noted that slightly greater scattering was present than was 
observed with other methods. In addition, the findings here suggest that with 
this chemical procedure the values for serum albumin may be excessively low 
in sera in which the albumin content is considerably reduced as judged from 
electrophoretic measurements. 

The immunologic method for albumin estimation that was employed in 
examining twenty-five sera (Fig. 6) gave closer correlation with electrophoretic 
values than was obtained with any other method. The caleulated line closely 
approximates the theoretical line of perfect agreement between the two methods. 
In part the observed scatter could be attributed to technical difficulties inherent 
in this immunologic procedure. As judged by multiple analyses of identical 
human sera on different days with this quantitative precipitin technique, the 
standard deviation was + 6 per cent where the values are expressed as albumin/ 
total serum protein. No comparable error was obtained in duplicate or triplicate 
analyses of serum for albumin content by any of the other methods examined. 


TABLE I, COMPARATIVE VALUES FOR ALBUMIN/TOTAL SERUM PROTEIN WITH ELECTROPHORESIS 
AND SIX CHEMICAL METHODS 


ALBUMIN/TOTAL SERUM PROTEIN 


| | | | |BUFFERED| —IM- 
ELECTRO- | 21.5% 26% | 26.9% SAT. | METH- | MUNO- 
SOURCE OF SEKUM PHORESIS | Na,S0, Na,SO, Na,SO, Mgso, ANOL | LOGIC 
Normal subject 61 74 59 59 64 64 60 
Normal subject 57 71 58 60 64 64 66 
Normal subject 65 71 60 62 63 63 72 
Normal subject 62 70 59 62 63 68 63 
Normal serum pool 64 70 49 58 67 64 70 
(40 subjects) 
Convalescent varicella 51 62 54 57 54 60 46 
Convalescent pneu- 19 58 16 19 51 58 57 
monia 
Malaria (4th week) 14 52 42 7 17 46 39 
Cirrhosis of liver 31 33 25 27 32 22 31 
Nephrotic syndrome ae 57 55 47 5: 51 oe 
Nephrotie syndrome 45 49 11 17 16 43 43 


In Table I, the comparative results for albumin estimation are given for 
ten specimens of human serum upon which all seven procedures were employed. 
It will be noted that numerical agreement between electrophoretic estimation and 
chemical procedure frequently was good with all methods except the 21.5 per 
cent sodium sulfate. However, only with the immunologic method was there 
consistently good agreement with the electrophoretic albumin estimation. 
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In Table II, electrophoretic examinations of dialyzed ‘albumin’? filtrate 
are included for the 26 per cent sodium sulfate method, the 26.9 per cent sodium 
sulfite method, and the saturated magnesium sulfate technique. Filtrate from 
normal serum in each instance consisted mostly of albumin (80 to 90 per cent). 
However, when the filtrates from the serum of a nephrotie patient obtained by 
these three methods were examined, much more globulin was found to be present 
in the ‘‘albumin’’ filtrates. It should be recognized that the electrophoretic 
study of filtrate from a single abnormal serum cannot be used to evaluate a 
chemical method. It would be necessary to do many such studies. This infor- 
mation is included merely to indicate that the ‘‘albumin”’ filtrate obtained with 
these methods need not consist entirely of albumin. 


TABLE II. ELECTROPHORETIC ANALYSES OF WHOLE SERUM AND OF ‘‘ ALBUMIN’? FILTRATES 
WITH SALTING-OUT METHODS 


ELECTROPHORETIC COMPOSITION (VALUES IN % OF 
TOTAL SERUM PROTEIN ) 
GLOBULINS 
SERUM SOURCE AND GAMMA | BETA ALPHA 
TYPE OF FILTRATE (1 AND 2) (1 AND 2) (1 AND 2) ALBUMIN 


Normal Subjects 


I. V. J. 12 10 16 62 
26% Na.SO, filtrate 0 7 2 91 
LI. ‘ae d 7 12 Ga 
26% Na.SO, filtrate 0 0 8 92 
I. M,N. 18 8 19 55 
26.9% Na,SO, filtrate 0 4 13 83 
LV. 20 Pool 12 13 15 60 
Sat. MgSO, filtrate 0 3 8 89 
Serum From a Patient With the Nephrotie Syndrome 
V. G. C. 3/3/48 13 18 3] 38 
21.5% Na.SO, filtrate 7 6 25 62 
VI. G. C. 3/20/48 13 20 36 30 
26% Na,SO, filtrate 0 0 21 79 
VII. G. C. 4/24/48 15 18 27 40 
Sat. MgSO, filtrate 0 9 26 65 
VILT. G. C, 2/18/49 13 14 26 47 
26.9% Na.SO, filtrate 0 0 14 86 


It was mentioned earlier that the buffered methanol method appeared to 
give albumin values that were too low when applied to serum in which the al- 
bumin content was reduced. To pursue this problem further, a 10 per cent 
solution of human albumin was dialyzed for twenty-four hours at 4° C. against 
ten times its volume of fresh normal serum. The final pH of the albumin was 
7.8. An ultrafiltrate of serum was obtained by dialyzing a large volume of fresh 
serum against one half its volume of normal saline (0.9 Gm. NaCl per 100 ml.). 
The protein-free ultrafiltrate had a pH of 8.2. This solution was used to dilute 
the 10 per cent albumin solution to concentrations ranging from 1.0 to 4.0 Gm. 
albumin per 100 milliliters. These albumin solutions were treated with the 
inethanol technique. Good recovery (90 per cent or more) was obtained with 
‘he 3.0 and 4.0 Gm. per cent albumin while much less albumin (60 to 70 per cent) 
vas recovered with the 1.0 and 2.0 Gm. per cent albumin solutions. The final 
»H of the filtrate of the 1.0 and 2.0 per cent albumin solutions ranged from 4.8 
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to 5.2, while the final pH of the 3.0 and 4.0 per cent albumin filtrates was found 
to lie between 5.8 and 6.2. The relatively poor recovery with low concentrations 
for albumin may be due partly to filter paper adsorption. However, the altered 
pH also may be a factor. | 

DISCUSSION 


It is assumed here that the electrophoresis method affords the most accurate 
means for determining the true albumin concentration of serum, With this 
technique, albumin is considered to be a protein fraction which, in an electric 
field, has a constant mobility under specified conditions. In the ealeulation of 
albumin present in a mixed protein solution with the aid of the schlieren dia- 
gram, certain arbitrary assumptions are made. From available evidence it would 
appear that these do not result in any significant error in the estimation of al- 
bumin in normal human serum.'? However, greater errors in estimation of 
albumin may be incurred in abnormal serum either as a result of lipid sub- 
stances or because of the occurrence of increases in globulin components with 
mobilities approaching that of albumin.® 1° 

It should be emphasized that a specific electrophoretic mobility does not 
constitute conclusive evidence of a homogeneous protein. Thus serum albumin 
which has a uniform mobi:iiy at pH 8.6 can be shown to consist of two com- 
ponents of differing mobilities when electrophoresis studies are made at pH 
4.0..* Moreover, chemically, albumin may be separated into two fractions, one 
of which is relatively rich in carbohydrate whereas the other is nearly free of 
carbohydrate. Even by immunologic methods, it has been demonstrated that 
there are two types of albumin.’ 

In this study, four salting-out methods for albumin estimation have been 
examined. Of these four methods, the best numerical agreement with electro- 
phoretic values was obtained with the saturated magnesium sulfate method. 
However, the results with the 26 per cent sodium sulfate and the 26.9 per cent 
sodium sulfite methods were almost as satisfactory. As had been demonstrated 
in numerous previous studies, the numerical correlation between albumin as 
estimated with the 21.5 per cent sodium sulfate and the electrophoretically esti- 
mated albumin was poor.’?° It has been shown by schlieren diagrams of 21.5 
per cent sodium sulfate filtrates that this discrepancy is due to variable amounts 
of alpha and beta globulins which remain unprecipitated and are calculated 
as ‘‘albumin.’’ Petermann, Young, and Hogness' demonstrated that the Howe 
albumin values are in closer agreement with the sum of the albumin and alpha 
globulin electrophoretic concentrations alone. This was also true in our series. 

Because of overlapping solubilities of the various serum protein constitu- 
ents at critical salt concentrations, any salt fractionation method is subject to 
inaccuracies. Since in abnormal sera there occur quantitative and sometimes 
qualitative changes in various globulin fractions, ‘‘albumin’’ values obtained 
by any salting-out procedure occasionally will deviate widely from albumin 
values obtained with the electrophoresis technique. A number of investigators 
have compared values for albumin obtained with one or several of these salting- 
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out methods with albumin values obtained by electrophoresis. There is no 
unanimity of the findings which would permit one to decide which method is 
ee 2%08 

The buffered methanol albumin fractionation has been both praised and 
criticized as a clinical method for albumin determination.® '© 1 2° In part the 
criticisms may be attributable to technical difficulties associated with the careful 
temperature control needed in this method. In our hands this method appeared 
to be less satisfactory than the salting-out procedures as a clinical method for 
estimation of serum albumin. 

The immunologie technique for albumin estimation that was employed here 
constitutes a relatively standard procedure for protein estimation.?" 2? Other 
investigators have used some slight variant of this method for estimation of 
albumin content of serum and other body fluids.'’ ** ?* A particular advantage 
lies in the fact that by this method one can measure smaller quantities of albumin 
than can be measured with other methods. 

Any chemical method for albumin est*~™*tion for clinical purposes should 
be technieally a simple procedure and als. ‘ld give dependable values as 
evidenced by the ability to obtain values that are in close agreement when mul- 
tiple determinations are carried out on a single sample of serum. In this regard, 
the four salting-out methods appeared equally satisfactory. The use of saturated 
magnesium sulfate requires that the filtrate be determined by a Kjeldahl tech- 
nique and this constitutes a minor disadvantage. The buffered methanol method 
also gave values for albumin that were in close agreement when duplicate or 
triplicate analyses were carried out on a single sample of serum. This method, 
however, is somewhat cumbersome in that it requires working in the range of 
0° ©. for a short period. The immunologic technique as outlined here is a 
laborious procedure, Recently this defect has been overcome by measuring 
turbidimetrically the protein content of the precipitate.’ Under such con- 
ditions the immunologic technique for albumin estimation may be regarded as 
rapid and simple to perform. In our experience with the quantitative precipi- 
tin technique, the values for serum albumin measured on different days on a 
single sample of serum were found to vary more than did the values with the 
other methods. 

For any chemical method for albumin estimation, numerical agreement with 
electrophoretically determined serum albumin would be desirable. In this study, 
the immunologic method and the magnesium sulfate method appeared to be most 
satisfactory. The numerical agreement, however, may lead to false security 
sinee, for the salting-out procedures, at least, the ‘‘albumin’’ filtrate frequently 
does not consist solely of albumin. The equation for the line relating electro- 
phoretically estimated albumin to the chemically determined albumin values 
has been determined for each of the six methods. This would permit calculation 
of the electrophoretic content from the chemical value. The error inherent in 
such a ealeulation is related to the deviation of the points from the caleulated 

ine. Ag deseribed previously, the magnitude of this error is expressed as S* 
‘or the various methods, S? was as follows: buffered methanol, 88.5; 26 per cent 
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sodium sulfate, 43.2; 21.5 per cent sodium sulfate, 37.9; immunologic, 22.9; 
26.9 per cent sodium sulfite, 20.8; and saturated magnesium sulfate, 17.5. 
Since each individual serum was not examined by all methods and sinee the 
same number of sera were not examined for each procedure, the validity of this 
expression is limited. However, it will be noted that the smallest deviations 
oceurred with the saturated magnesium sulfate, 26.9 per cent sodium sulfite, 
and the immunologic techniques. Accepting our values as true, the 21.5 per 
cent sodium sulfate values for albumin could be corrected to give values that 
would be in at least as close agreement with electrophoretic values as could be 





obtained with the 26 per cent sodium sulfate method. 
Obviously, the true estimation of serum albumin alone would be the most 
desirable feature of any method, Perhaps this is accomplished in the immuno- 
logic technique. It certainly cannot be said that the other methods considered 
here involve only serum albumin determination. 
It might be interjected here that the conventional procedure of converting 
nitrogen determinations to values for whole protein by multiplying by 6.25 is 
quite arbitrary. The experimental factors determined for various protein 
fractions of human serum have been found to vary from 6.10 to 8.40.12 This 
would introduce a certain error in expressing a chemically isolated albumin 
fraction in terms of per cent of the total serum protein since the factor for con- 
verting total serum nitrogen to grams of protein in one particular serum would 
not be strictly comparable when applied to another serum in which the various 
protein components with their differing nitrogen contents were present in dif- 
ferent proportions. 
At the present time the precise estimation of serum albumin has limited 
importance in clinical medicine. In conjunction with blood volume estimations, 
accurate albumin measurements would be useful in studies coneerning albumin 
synthesis, disappearance of administered albumin, and loss of albumin from 
the body. Here, electrophoretic estimations would appear most desirable al- 
though a sufficiently accurate immunologic procedure might suffice. In most 
circumstances, any one of the six methods examined in this study might be re- 
garded as suitable for clinical usage. It is important, however, to recognize 
the limitations of the technique employed. 


SUMMARY 

1. The values obtained for serum albumin by electrophoretic estimation 
were compared with the values for albumin obtained after precipitation with 
21.5 per cent sodium sulfate, 26 per cent sodium sulfate, 26.9 per cent sodium 
sulfite, saturated magnesium sulfate, and buffered methanol, and by an immuno- 
logie technique. 

2. The best numerical agreement with electrophoretically determined al- : 
bumin was found with the saturated magnesium sulfate method and the quan- : 
titative precipitin technique. 

3. Examination of the filtrates from the four salting-out methods disclosed 
that the filtrate in no instance consisted solely of albumin. 
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4. The buffered methanol technique appeared to be less satisfactory than 


several other methods. 


). The relative merits and limitations of the six chemical procedures for 


albumin estimation were considered. 
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THE RENAL EXTRACTION AND EXCRETION OF CARINAMIDE* 
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ARINAMIDE has proved to be a valuable agent for the enhancement of 

penicillin plasma concentration by inhibiting the renal tubular exeretion of 
that antibiotie agent.’ This has resulted in extending the range of usefulness 
and the therapeutic advantage of a given dose of penicillin? with an apparent 
lack of renal toxicity that has been a gratifving confirmation of the basis for 
the development of the adjuvant.*.° Another tenet of the hypothesis that 
formed the basis for t’is work was that it should be possible to inhibit the 
tubular secretion of pe.acillin by a compound that was essentially refractory 
to elimination by that transport mechanism.* The work reported herein yields 
further evidence that carinamide conforms with this last requisite. 

The purpose of this research has been to correlate the extraction of carin- 
amide (4’-carboxyphenylmethanesulfonanilide) from the renal vascular sys- 
tem with its excretion or clearance by the kidney. In previous communiea- 
tions we have presented evidence that carinamide is rapidly absorbed and is 
excreted as such ard as its metabolite quantitatively in the urine, that it is 
partially though rapidly metabolized in the body,’ that carinamide and its 
metabolite are bound to the same extent on plasma protein, and that the clear- 
ances of carinamide and total ecarinamide (the drug plus its metabolite) are 
inverse functions of their plasma concentrations.® The interplay of these renal 
and extrarenal factors in the over-all elimination of the drug has made the 
interpretation of its mode of excretion by the kidney quite diffieu't. It was 
believed that the correlation of the extraction of the drug and its metabolite 
from the blood stream during its circulation through the kidney with simul- 
faneous clearance measurements would assist us in clarifying this problem. 


MATERIALS AND METHODS 


Two analytical methods for carinamide have been used in this research. While they 
hoth satisfactorily estimate carinamide added to plasma or urine, the method of Brodie, Levy, 
and Bernstein? determines carinamide per se and that of Ziegler and Sprague’ determines 
‘otal carinamide (carinamide plus metabolite) in body fluids when the drug is administered 
‘0 patients or experimental animals. The possibility that there may be more than one 

etabolite and that they may be formed and excreted at different rates renders the interpreta- 
ion of these results necessarily tentative at present. 


From The Department of Pharmacology, The Medical Research Division, Sharp and Dohme, 


Received for publication, Sept. 16, 1949. 

*This compound will be referred to hereafter as carinamide instead of its previous de- 
mation, caronamide. 

yStaticin is the trademark applied to 4’-carboxyphenylmethanesulfonanilide, carinamide, 
Sharp and Dohme, Inc. 
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These methods and their limitations have been discussed by us,!,2 but in none of the 
previous research has such absolute attention to technical detail been so imperative. This 
was because of the exaggerated effect any error would have on a single ratio caleulated from 
as Many us six or eight separate analyses wherein very small differences were qualitatively 
significant from an interpretative standpoint. 

Procedure—Carinamide was injected subcutaneously in doses of 1.0 to 3.0 Gm. dis 
solved in dilute NaOH and adjusted at pH 7.2 with HCl. Creatinine was administered in 3 
Gm. doses subcutaneously for the estimation of glomerular filtration rate. Usually only one 
fifteen-minute clearance was performed after an equilibration period of one-half hour fol 
lowing the injection of carinamide because of the large amount of blood withdrawn. For 
the simultaneous determination of creatinine, carinamide and tota/ carinamide clearainee, and 
excretion and extraction on the basis of whole and ultrafiltered plasma,® it was necessary to 
withdraw at least 30 ¢.c. of blood from both the femoral artery and renal vein. The arterial 
and venous blood samples were drawn under moderately reduced pressure into 30 ¢.c. tubes, 
containing citrate, at as nearly the same time as possible and at the middle of the fifteen- 
minute clearance period. The blood samples were centrifuged immediately upon withdrawal 
and the analyses were performed in duplicate on two aliquots of each sample. ‘The dogs were 
well trained and were loosely restrained in a padded cradle during the experiment. 

Right preliminary acute experiments, wherein simultaneous creatinine and carinamide 
or p-aminohippurate (PAH) percentage renal extractions were determined, were performed 
under barbiturate anesthesia. Since these were conducted after operative approaches and 
during anesthesia they have been omitted from this report. 

One kidney from each of eight female dogs was explanted by the method of Rhoadste 
as described by Page and Corcoran.1! In some instances the opposite kidney was removed 
weeks or months before or following the explantation. In the case of two dogs, simultaneous 
clearance and extraction ratio experiments were performed before and after removal of the 
contralateral kidney. 

Equations.—FA and RV refer respectively to the concentration (milligrams/100 ¢.e.) of 
an agent in femoral arterial and renal venous plasma. It was determined analytically on 
several occasions that FA was equivalent in these calculations to the simultaneous renal arterial 
concentration. 

(1) FA-RV i, the net loss of drug in milligrams/100 ¢.c. of plasma circulating 


through the kidney. 


FA-RV _— 
(2) FA — FA EK, or the fraction of the amount of drug entering the kidney 
that was extracted in a single circulation. 
(3) Thus where RPF = renal plasma flow it follows that one can calculate from the 
following equations the amount of drug excreted per minute, UV i-(RPF) or UV 


FA-E- (RPF). 





RPF UV UV UV 1 UV. ; ( ) 

(4) Conversely, - i00 - i > (PAE = Ta‘ E where Ra 3S the conventional iP) 
expression of clearance in cubic centimeters/minute. 

4 pee Drug clearance , j Ey Drug — 

(5) By definition - ——— CR, clearance ratio, and Exh, 


Creatinine clearance Ky Creatinine 


extraction ratio. 

(6) It can be shown that under certain rigid conditions the clearance ratio (CR) = the 
extraction ratio (ExR) by expressing Equation 4 in the manner of the definition in Equa 
tion 5. 


Ad UV 
ty Eee FAy — Ey - (RPF) FA, = En . Dp 
UV _ Ke - ( RPF) nial UV : Kc Ex R 
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This is an important point, for nowhere in the equations is it necessary to introduce the factor 
of plasma binding, since it is equated into the analytic determinations. Thus it may not be 
correct on a theoretical basis to introduce the factor of plasma binding into a qualitative 
interpretation of whether a compound is excreted by the renal tubules. 


RESULTS 

The extraction of carinamide and total carinamide by the hidney from the 
blood stream was never reproducibly greater at any plasma concentration than 
was the case for the simultaneous extraction of creatinine. Thus, if creatinine 
extraction from the plasma was limited to glomerular filtration, one may say 
that the extraction of the drug and its metabolite was less than could have 
been aecounted for by glomerular filtration without reabsorption. These data 
for the extraction of carinamide and creatinine have been summarized in an 
introductory Table I for the experiments on six unanesthetized trained dogs. 


TABLE I. A COMPARISON OF THE OVER-ALL EXTRACTION OF CARINAMIDE, Total CARINAMIDE, 
AND CREATININE FROM THE RENAL PLASMA CIRCULATION BY THE KIDNEY 


Fe CARINAMIDE | TOTAL CARINAMIDE 
(% EX FPA | % EX-| EXTRACTION* | FA | Y FX-| EXTRACTION 
DOG TRACTED ) |(MG./100 €.C. ) TRACTED! RATIO |(MG./100 C.¢c.) | TRACTED RATIO 
25.15 7.36 2(),20 ‘80 12.5 ; 
24.78 10.33 10.75 44 15.16 13.6 Do 
1000 30.14 10.70 14.77 AD 15.8 11.1 ae 
29.80 L375 12.9 43 34.65 Oca Ol 
34.20 13.97 11.4 BY 30.25 ya 0 
26.46 8.83 15.52 59 13.08 8.3 iS 
29.85 12.84 11.0 cat 24.2 18.4 .62 
1001 27.9 | 13.27 5.0 18 31.35 7.9 28 
27.5 1S.51 oo 26 47.73 9.0 33 
24.5 20.60 13.4 Oo 28.93 16.73 68 
1002 Pa 14.16 10.17 40 | 26.16 22.20 S87 
26.88 11.30 11.33 .42 | 18.94 14.68 55 
1003 31.8 6.09 29 9 70 10.50 ~~ 9.50 0 
30.86 7.38 26.69 Bs 11.44 35.0 Lis 
1006+ 28.77 11.10 17.69 61 14.19 22.48 78 
28.06 18.83 8.31 30 | 25.78 7.25 6 
25.84 17.29 11.28 44 | 21.47 9.86 38 
1007+ 25.02 20.42 11.04 438 28.34 7.62 34 
24.55 21.89 7.63 Pi. 29.21 17.58 (2 


*Percentage drug extraction/percentage creatinine extraction. 

‘Unilateral nephrectomy. 

In general, with increasing plasma concentration the extraction ratio decreased 
and, at essentially equal plasma concentrations in a given dog, the extraction 
ratios for carinamide and total carinamide were equivalent. 

The distribution of total carinamide between plasma and blood cells was 
determined in such a manner as to ascertain whether the cellular elements con- 
‘ributed to the extraction of the drug during its circulation through the kidney. 
Initially whole blood samples of a citrated renal venous blood were divided into 
wo aliquots, one being centrifuged and the plasma separated immediately after 
vithdrawal and the other permitted to stand at room temperature for thirty 

‘inutes before centrifugation and separation of the plasma. The plasma con- 
ntrations of carinamide or total carinamide in the two aliquots were not sys- 
matically different. 
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In a second set of experiments fofa/ carinamide determinations were per- 
formed on whole blood and plasma from simultaneously drawn femoral arterial 
and renal venous blood immediately centrifuged. The hematocrit was measured 
on each sample. The extraction of creatinine was determined on each sample of 
plasma so that an extraction ratio could be caleulated. It has been reported 
that blood cells do not contribute measurably to the renal extraction of 
creatinine!” 

Krom the data presented in Table [Lit is apparent that 51 to 45 per cent 
of the whole blood concentration of total carinamide was contained in or ad- 
sorbed on the blood cells. Moreover, it seems evident that the drug associated 
with the cellular elements probably was available in large measure for extrac- 
tion from the renal blood flow. If this were not the ease one would expect that 
the percentage of the whole blood concentration of drug contained in the cells 
of renal venous blood would be greater than in the arterial sample, and that 
the extraction ratio ealeulated for whole blood would be lower than for 
plasma. Actually it may be seen that as the drug was extracted from plasma 
there was a more or less commensurate decrease in the amount associated with 
the cells so that the percentage of drug distributed between cells and plasma 
was essentially the same in the arterial and renal venous blood. Similarly 
there was no consistent directional difference between the extraction ratios 
based on plasma or whole blood. The hematocrits did not vary consistently 
between arterial and venous blood. The considerable variation between the 
extraction ratios for plasma and blood in Table IL is accounted for by the 
somewhat lower degree of accuracy of the blood total carinamide determina- 
tions, and by the great difference in the ratios that is caused by small an- 
alytical errors. 

It would seem that the shift of drug from cells to plasma may be c¢om- 
pleted for the most part during glomerular circulation since the extraction 
ratio and clearance ratio for carinamide or fofal carinamide were essentially 
the same, within the limits of accuracy (Table TIT). Otherwise, if the shift 
oceurred beyond the glomerulus one would expect the extraction ratio to be 
significantly and consistently less than the simultaneous clearance ratio where 
the FA plasma concentrations were used in both calculations. The interpreta- 
tion that the initial redistribution of carinamide from cells to plasma accom- 
panies the 20 per cent or so hemoconcentration associated with glomerular 
filtration differs somewhat from the explanation offered by Van Slyke, Hiller, 
and Miller’ for the renal shift of urea from blood cells to plasma. Their data 
indicated that the clearance ratio for inulin, creatinine, and ferroeyanide and 
the corresponding extraction ratios were approximately 1.0. On the other 
hand the extraction ratio of urea/inulin was considerably less than the cor- 
responding clearance ratio unless the per cent extraction of urea was corrected 
for the shift from blood cells to plasma during its postglomerular renal eirca- 
lation. It was their opinion, then, that most of the contribution of urea fiom 
cells to the plasma occurred beyond the glomeruli. 
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RENAL EXTRACTION AND EXCRETION OF CARINAMIDE 


It is probable that the site of the shifting of urea or carinamide is de- 
pendent on the relative rates at which this ean occur in the two instances. The 
association of carinamide with blood cells is very likely one principally of ad- 
sorption, whereas that for urea is more probably absorption. Thus, the shift 
of earinamide might be anticipated to be more rapidly reversible than that 
of urea. Even so, the fact that the extraction ratio for carinamide is in some 
instances slightly less than the clearance ratio indicates that the shift may not 
always be completed in the glomerular circulation, although the occasional 
difference may be for other technical reasons. 

If may he noted in Table TIE. as in our previous experience? that with in- 
creasing plasina concentrations of earinamide or fofal carinamide the extraction 
ratios and clearance ratios were decreased even though their maximal values 
were never reproducibly greater than 1.0. The fact that the clearance and per- 
centage extraction of the compounds were less than for creatinine at all plasma 
concentrations serves to distinguish these agents from compounds known to 
he excreted by the tubules. At plasma concentrations even in excess of 60 mg. 
per 100 ce. the extraction ratio and clearance ratio of p-aminohippurate 
creatinine were greater than 1.02% At whole plasma concentrations of phenol 
red of over 9 me, per 100 ce. the foregoing ratios remained greater than 1.0."! 
However, Shannon has presented an experiment wherein at a whole plasma 
phenol red concentration of 22.8 me. per 100 ¢.¢. the phenol red/inulin elear- 
ance ratio was 0.71, because of the fact that he had exceeded its maximal rate 
of tubular secretion (Tm) and the glomerular filtration of the dve was limited 
by its binding on plasma protein.’’ In this same experiment when the clear- 
ance of phenol red was calculated on the basis of ultrafilterable plasma con- 
centration the corresponding excretion ratio (‘‘corrected clearanee ratio”’ 
was greater than 1.0.) Thus the clearance ratio or extraction ratio of a e¢om- 
pound exereted by both the elomeruli and tubules remains ereater than 1.0 
regardless of the plasma concentration of drug capable of being filtered at the 
elomerulus. 

It is interesting that in the majority of experiments the percentage of 
ultrafilterable carinamide or fota/ earinamide in the renal venous plasma was 
less than in the arterial plasma. Since the percentage of ultrafilterable drug 
decreases with decrease in plasma concentration, as occurs between the renal 
artery and vein, this seems a plausible explanation of this observed difference. 
This differenee in the arterial and venous ultrafilterable plasma concentration 
was responsible for the fact that in most instances the extraetion ratio was 
slightly greater when calculated on ultrafilterable plasma concentration than 
when ealeulated on whole plasma coneentrations. In the few instances in 
which the percentage of ultrafilterable drug in the arterial and venous samples 
was identical the extraction ratios were the same when ealeulated on the basis 
of total or ultrafilterable drug plasma coneentration. 

The observation that the extraction ratio was the same or only slightly 
sreater when caleulated on the basis of ultrafilterable instead of whole plasma 
concentration gains additional significance from the facet that the extraction 
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CREATININI CONCENTRATION IN AMOI 
CLEAR EXTRAC FEMORAL ARTERY RENAL VEIN 
URINI ANCI TION WHOLE PLASMA? WHOL PLASMA 
BERFORI PTO 7 FA ry x S ee : PR SSS 
PLOW Gk PLASMA WATER PLASMA WATER 
AR TER Cw, CC. KA PAY FAW RVt RVW Gk KA 
PAH MIN. MIN. Lao MG./100 ¢.c. MG./100 ¢.c. MG./100 c.c. MG./100 c.Cc. (MG./ MI) 
B 3.00 32.41 28.30) 9.31 $38 FESS 3.09 3.02 
A O.4S 38.20 20.50 10.08 1.74 9.17 1.09 4.12 
Apant TMpin 3.46 me./min. S007 21.43 11.68 
B 1.56 BS.10 31.73. R33 3.64 7.08 2.95 eS 
\ 3.20 30.40 20.72 9.56 1.49 S.SY 110 3.16 
Apan fe apes 2.22 mo./min. 31.18 22.89 11.06 
B 1.76 16.97 22.92 6:25 3.89 9.39 ee 1.4] 
A 0.94 a 23.70 QS 5 bs 10.92 
Aran TMyan 2.35 me./min,. 2S.04 18.13 12.09 
*B Before PAH (control). 
\ After PAH 
‘In vitro ultrafiltrate. 
FCalculated from plasma concentration * glomerular filtration rate. 
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TABLE TV. THe ERFECT OF THE COADMINISTRATION OF P-AMINOHIPPUR 


$Clearance based on whole plasma concentration. 
Clearance based on concentration in in vitro ultrafiltered plasma water. 


ratios were never reproducibly greater than 1.0, regardless of the plasma con- 
centration of ecarinamide or total carinamide. This is an important qualita- 
tive difference between the clearance and extraction data. When caleulated 
on the basis of whole plasma concentration the clearance ratio and extraction 
ratio were essentially the same and were less than 1.0. When calculated on 
the basis of concentrations of the drug in plasma water, ‘‘corrected”? clear- 
ance ratios varied from 0.45 to greater than 2.0, whereas the corresponding 
extraction ratios remained below 1.0, and both were inversely related to the 
drug plasma concentration, 

It ean be caleulated from Table TIL that more carinamide or total ear- 
inamide was exereted at low plasma concentration and less at high plasma 
concentration than could be accounted for on the basis of glomerular filtra- 
tion of only the in vitro ultrafilterable fraction of the drug plasma coneentra- 
tion. The amount of drug extracted from whole plasma (i) during its eireula- 
tion through the kidney was greater at any plasma concentration than the cor- 
responding value for 7 calculated on the basis of in vitro ultrafilterable drug 
concentrations. Also the amount of drug excreted per unit time (UV) was 
less than would have been filtered by the glomeruli if the whole plasma con- 
centration of the drug were available for filtration. The renal plasma flow 
calculated on the basis of the extraction of carinamide from its whole plasma 
concentration approximated the RPE ecaleulated from the creatinine data, 
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extraction ratio I. 
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tiArau second phase of the experiment. 


Whereas the RPI calculated on the extraction and exeretion of ultrafilterable 
carinamide or total carinamide was almost consistently beyond physiologic 
limits. 

The effect of p-aminohippurate (PAIL) on the extraction and clearance of 
carinanide trom whole and ultrafiltered plasma was determined. One fifteen- 
minute control creatinine and carinamide clearance was performed with simul- 
taneous femoral arterial and renal venous blood samples being taken at about 
the midpoint of the clearance period. A single intravenous 25 meg. per kilogram 
dose of carinamide was administered thirty minutes before the clearance and 
was followed immediately by a constant infusion of 80 mg. per kilogram per hour 
in saline at a rate of 3 ¢.¢. per minute. Following the contro] clearance a single 
intravenous PAH dose of 100 me. per kilogram was injected and followed imme- 
diately by an infusion of the earinamide saline solution containing, in addition, 
sufficient PAH to permit its infusion at a rate of 100 mg. per kilogram per hour. 
One-half hour later the clearance and withdrawal of blood for extraction data 
were repeated. Since PAH interfered with the determination of fofal carinamide 
he latter analyses were not performed. Individual experiments on three dogs 
ire presented in Table LV. 

The carinamide clearance ratios calculated on the basis of concentration 
nt whole plasma and plasma water were markedly depressed by high plasma 
oneentrations (Table IV). The 
arinamide were depressed in like manner by the PAIL, 


of p-aminohippurate extraction ratios of 


The extent of the 
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\H) ON THE RENAL CLEARANCE AND EXTRACTION OF CARINAMIDIE 
CARINAMIDI 
+ . 5 : == RATIO 
PERED} CLEARANCE EXTRACTION CREATININI 
AMOUNT EXTRAC- | EXTRA 
EXCRETED FAt — UVt) FAW -— UVW] oLkaR- | EXCRI TION TION t 
PAW UV UV/FATS UV/FAW FAt PAW ANCE TIONS RATIO RATIO 
MIN. (MG./MIN,) | (C.C./MIN.) | (C.C./MIN. 100 100 RATIO RATIO I II 
1.42 2.39 25.65 4.08 19,12 22.49 U.79 1.68 0.08 0.79 
LS] 1.67 16.54 39.19 9.038 13.57 0.43 0.92 0.34 0.50] 
Ley ies 19.50 29.92 Loo LAs 
139 2.26 27.15 62.17 15.04 18.96 0.71 1.63 0.47 0.60 
1.59 O.Y7 10.11 21.54 7.04 8.69 0.29 0.61 0.34 0.42 
13.28 DS.0] POOS 1.64 1.28 
183 3.09 32.89 79.24 12.08 IS.48 0.70 1.69 0.93 0.81 
2.21 Bay 11.54 PO.SO 1.70 0.27 0.60 0.20 
14.44 o1L.AY 39.34 1.19 1.49 
(Carinamide clearance based on UV/FAw . ; , 
Iexeretion ratio. 
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depression of the clearance and extraction ratios calculated on the basis of the 
whole plasma concentration of drug was essentially the same within experi- 
mental error. It is apparent that carinamide depressed the maximal tubular 
exeretory rate of PAH because of the low Tm values, although eontrol Tm 


determinations necessarily were not a feasible part of this experiment. 
DISCUSSION 


It has been reported herein that the clearance ratio and extraction ratio 
for carinamide or total carinamide were the same, within experimental error. 
Moreover, at equal plasma concentrations in the same animal the ratios for 
earinamide and total earinamide were essentially the same. When the per- 
centage of ultrafilterable drug remained constant in femoral arterial and renal 
venous plasma, the extraction ratio remained the same whether it was caleu- 
ated from whole or ultrafilterable plasma concentration, and in no instance 
was the extraction ratio reproducibly greater than 1.0. Conversely, whereas 
the clearance ratio caleulated on the basis of total drug concentration in whole 
plasma was never reproducibly greater than 1.0, that calculated from the drug 
coneentration in plasma water fluctuated from considerably greater than 1.0 
at low plasma concentrations to well below 1.0 at high plasma concentrations. 
There was a decrease in all the ratios as the drug plasma eoncentration was 
increased. Finally, the clearance ratio and extraction ratio for c¢arinamide 
were depressed commensurately within analytical error by the coadministra- 
tion of p-aminohippurate (PAIL) at plasma concentrations of about 25 me. 
100 per cubie centimeters. 

The fact that the clearances and extraction ratios were depressed by ele- 
vating the drug plasma coneentration or by the coadministration of PAH 
suggests that carinamide and its metabolite may be seereted by the renal 
tubules, or alternatively that both plasma protein-bound and unbound drug 
and/or that adsorbed on blood cells contribute to the amount filtered by the 
glomeruli in a manner that is influenced by both plasma coneentration and the 
coadministration of PAT, 

The values for UV (the amount of drug excreted per minute) were greater 
in some instances and less in other experiments than eould be aceounted for 
on the basis of ultrafiltration of unbound drug alone by the glomerulus but 
were never greater than the amount that could have been filtered if the whole 
plasma concentration of either carinamide or fofal carinamide was available for 
filtration. Sinee the percentage of drug extracted likewise was less than 
would have been calculated on the basis of glomerular filtration of whole or 
unbound drug, these two findings serve to distinguish earinamide trom eom- 
pounds known to be excreted by the tubules. In the ease of compounds known 
to be excreted by the tubules the values for UV always are greater than could 
be accounted for on the basis of the availability of both bound and unbound 
drug, except at extremely high plasma concentrations of phenol red, which 
is highly bound on plasma protein. Even here the value for UV is always 
greater than the corresponding amount of unbound drug that is filtered. 

Tubular reabsorption of carinamide and folal carinamide may be in- 
terpreted to have oceurred since (1) the extraction ratios were almost invari- 
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ably less than 1.0 ealeulated on the basis of whole or ultrafiltered plasma eon- 
centrations, (2) at high plasma concentrations the amount of drug excreted 
(UV) was less than the amount filtered when calculated on the basis of either 
whole or unbound drug plasma coneentration, and since (3) the amount ex- 
creted (UV) was always less than the minimal amount ealeulated as filtered 
during the coadministration of PAH in these experiments. 

The ‘‘corrected”’ clearance ratios greater than 1.0 and the mechanism 
of the PAH-depression of ¢arinamide might be regarded as tentative evidence 
for the tubular seeretion of carinamide, although the conelusion is contrary to 
the evidence presented elsewhere in this paper. Necessarily, it would pre- 
suppose (1) that both tubular secretion and reabsorption of carinamide oe- 
eur, (2) that the reabsorptive capacity of the nephron for earinamide is much 
greater than its tubular secretory capacity, (3) that PAH inhibits predom- 
inantly only one, the secretory, of the mechanisms whereby the tubules affeet 
the final concentration of carinamide in the urine, and (4) that the relative 
positions of these two meéhanisms in the nephron could be situated so as to 
fulfill this interpretation of the data. Thus far attempts to reconcile these 
collective limitations, imposed by this hypothesis, with the experimental evi- 
dence have not been convineing. 

Barelay, Cooke, and Kenney’? have presented the theoretical characteris- 
tics that such a three component system, Le., filtration, reabsorption, and 
secretion, should fulfill. Translating the terms of their theory to the terminology 
of this report would require that the carinamide/creatinine clearance ratio 
(or extraction ratio) tmerease to approach or exeeed 1.0 with inereasing plasma 
concentration until a hypothetical Tm for tubular secretion was reached. If 
the plasma concentration were increased beyond this point the ratio would fall 
to or below a value of 1.0. We have no data that would support such an in- 
terpretation of the renal elimination of carinamide. The faet that they con- 
sider their scheme to be general for compounds eliminated by a three-com- 
ponent system does not make the likelihood of a tubular secretion of earin- 
amide any more attractive. 

Alternatively, it may be proposed that the whole plasma concentration of 
carinamide contributes to its filtration at the glomeruli. From this point of 
view ‘‘binding’’ would aet as an impedence to filtration on a temporal basis 
but would not limit filtration of these compounds to the amount of drug de- 
termined in vitro as being ultrafilterable. It also seems likely that desorption 
of ecarinamide from blood cells may contribute to the amount filtered. In both 
instances the percentage of drug contributed from the protein or cellular ad- 
sorption may be thought to decrease on a temporal basis with increase in 
plasma eoneentration. This would aeeount for the decrease in earinamide 
clearance with increase in plasma coneentration. Preliminary evidence indi- 
‘ates that PAH may inhibit the rate of desorption of carinamide. This would 
indieate that the effeet of PAH on carinamide clearance need not involve a 
iubular secretory function. This leaves reabsorption as the only effeet of the 
‘ubules on the renal elimination of earinamide that can be supported econ- 
istently by present experimental data. 
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PECK, TILLSON, 


SUMMARY 


Glomerular filtration and tubular reabsorption are the only mechanisms 


involved in the renal elimination of carinamide that seem certain on the basis 


present evidence. Carinamide per se and fofal earinamide (drug plus 


metabolite) had essentially the same clearance ratios and extration ratios at 
similar plasma concentrations. Some 36 to 45 per cent of the whole blood con- 
centration of fofal carinamide was adsorbed or absorbed by blood cells. It 
seems probable that a shift of drug from cells to plasma took place in the 
glomeruli since the drug extraction ratios from plasma and whole blood were 
not significantly different. With increasing plasma concentration the clear- 
ance ratios and extraction ratios for cearinamide and total carinamide de- 
creased. These ratios did not reproducibly exceed 1.0 at the lowest plasma 
concentrations studied, The coadministration of p-aminohippurate depressed 
the clearance and extraction of carinamide. The explanation of this PATE ef- 


feet has been discussed. 
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THE REMOVAL OF CATIONS FROM SOLUTIONS AND THEE RATS 
ALIMENTARY CANAL BY H-FORM RESINS 


Josepr S. CHoeN, M.S... AND Surin FREEMAN, M.D... Pad. 
CHICAGO, ILL. 


DAMS and Holmes! were amone the first to notice that the phenolie groups 

of synthetic resins may remain free to ionize and be available for ionic 
exchange. Recently there have been numerous reports concerning the physica! 
and chemical properties and industrial and analytie uses of ion exchange resins. 
Tompkins? has written a brief survey which covers the above-mentioned. fields 
and the historical development of svnthetie resin exchangers. However, the use 
of such resins in animal and elinieal work remains in the experimental stage.°-* '% 
The aim of this study was to obtain further information concerning the ability 
of cation resins to remove various lons from solutions and from the rat’s alimen- 
tary canal. The specifie questions to be considered are: (a) To what extent can 
cation resins combine with eations in vitro and in vivo? (b) What influence 
has the relative proportion of cations in a mixture upon the in vitro and in vive 
removal of a given cation? (¢) Does the removal of a given eation influence the 
behavior of other ions in the rat?) Sodium, ealeium, and potassium were the 


eations chosen for st udy. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Preparation of Resins.—The cation resin exchangers used in the study were Amberlite 
IR-100H, Duolite C-3, and Naleite HCR (Dowex C-50), The air-dried resins were ground 
with steel balls in a ball mill until they passed through a sieve containing 96 holes per 
square centimeter, The pulverized exchangers were then converted to the hydrogen forms 
by stirring with 3 to 4 volumes ef O0.O6N HCl for twenty-four to forty-eight hours. The 
washing agent was changed by decantation every two to three hours during the day. Most 
of the very fine particles were removed by successive decantations and particles of the 
final product were quite uniform in size. Amberlite TR-100H was in the H-form as received 
from the manufacturer. Acid washing of the resins was followed by repeated washings 
with distilled water until the supernatant fluid was free of chloride ions. If there were 
detectable traces of any eations, especially sodium, the resins were subjected to further 
purification. As a further check on purity the washed resin was ashed in a muffle furnace 
and the sodium, potassium, and caleium content of the ash determined. Cations found in 
the purified resin were subtracted from subsequent analyses that entailed ashing of the 
resin. The partially dried H-form resins were stored in airtight bottles and used as such. 

Moisture Content of Resin —The moisture content of the resin is important because of 
its influence on the exchange capacity of the resin and as a part of accuracy in expressing 
the results. The water of gelation is a vital structural element of the resin; its removal 
greatly lowers the resin’s exchange capacity.s Excessive drying often causes partial decom 
position of the exchange groups.2 In this study the moisture content of the air-dried resin 
was determined by oven drying at S0° C. and by desiecation under partial vacuum at room 
temperature until a constant weight was obtained. These results are shown in Table T. 

Prom the Department of Experimental Medicine, Northwestern University Medical School. 
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*In these resins the sulfonic acid radical is the active exchange group. 
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100 CH EN AND FREEMAN 
Evidently some decomposition took place in two of the resins during oven drying. The 
second method of drying was adopted for this study and the values of the right column 


were used to convert results from a moist toa dry basis. 


TABLE I.) MoISTURE CONTENT OF RESIN IN) PERCENTAGI 


OVEN DRY ING VACUUM 
SU “tee DESICCATION 
Amberlite IR-1001 59.75 35.60 
Duolite C-3 16.20 1H.15 
Nalcite HCR D4.80 33.00 


Analytical Methods.—Sodium?!! and potassium! were determined gravimetrically, except 
in the exereta of rats fed a salt-free diet, in which case they were determined by means of 
the Beckman flame photometer.!®. 14 Calcium was determined by oxalate precipitation and 
permanganate titration with use of Wang’s wash. Gomori’s modification! of the Kuttne: 
Lichtenstein method was used for phosphate determination. 

In Vitro Experiments. These experiments were designed to determine the 
combining’ capacities*- of three cation exchange resins in dilute solutions of in- 
dividual cations. Twenty-five milliliter samples of NaCl, KCl, and CaCl, of 
known concentration were measured into separate 50 ml. Erlenmeyer flasks into 
which 500 me. of H-form resin had been previously introduced. The suspension 
was shaken for one hour and then filtered. Equilibrium is actually reached in a 
much shorter time.” '° Aliquots of the filtrate were used for various estimations 
and the uptake of a eation was caleulated from the difference between its initia! 
and final concentration in the solution. The results are shown in Fig. 1. The 
broken-line graphs show that the amount of a given cation that will be removed 
by a given amount of resin increases up to a certain point (combining eapacity 
of the resin) and that any further increase in cation concentration will not favor 
further uptake of the cation by the resin. Tf the results are expressed in terms 
of percentage of cation removed per sample (broken lines, Figs. 2, 3, and 4), it 
is apparent that the resin will take up a higher percentage of the cation from a 
dilute solution than from a more concentrated one. The average combining 
capacities of the three resins tested are: Naleite, 4.01; Duolite C-3, 3.89; Amber- 
lite IR-100H, 2.25. The cation concentration of the test solution used was 0.10N. 
The corresponding values quoted in Tompkins’ manual’ are slightly different 
from our results. The authors believe these differences are largely due to the 
difference in the methods used for determining the moisture content of a resin. 
However, the results agree qualitatively; Naleite HGR has a higher combining 
capacity than the other two resins. 

The ealeium-combining eapacity of the various resins is higher than the 
respective potassium-combining capacity whieh, in turn, is higher than the 
sodium-combining capacity of the same resin. This apparently indicates that 
the bonding strength or affinity between caleium and the resin is stronger than 
for either of the other cations. 

This facet is more clearly demonstrated by the experiment to determine the 
removal of sodium, potassium, and calcium ions by H-form resins from solutions 
containing all three cations. In this study the total cation concentration in every 


*The combining capacity is defined as the milliequivalents of cation removed by 1 Gm. 
of dry resin. ; 
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instanee was O.LON. The concentration of a given cation is indicated on the 
ordinate. The other two eations were always present at the same normality. 
The solid lines in Fig. 1 demonstrate the effect of mixed cations upon the uptake 
of any one eation by a given resin, The solid lines in Figs. 2,3, and 4 represent 
the effect of mixed eations upon the percentage removal of a given eation by 


the resins studied. 











x = Nalcite HCR 
4 = Duolite C-3 
© = Amberlite IR100H 
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Kig. 1.—The upper section of the chart presents data on sodium: chloride; the middle, 
potassium chloride; the lower, calcium: chloride. 

Broken lines show the influence of cation concentration (ordinate) upon its removal from 
solution by the resin (abscissa). The ordinate indicates the concentration of a given cation. 
Solid lines show the influence of the presence of two other cations upon the uptake of a 
siven cation by a resin. These two other cations were present in equal concentrations and the 
um of the three cations was 0.10N in every instance. 
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The results indicate that the total cation uptake for a given resin is much 
the same for these mixtures as for the pure cation solution. However, the uptake 
of the individual cation is more influenced by its affinity for the resin than by 
its ionic concentration. In equal normal solutions these resins take up cations 
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Fig. 2.—-Results obtained on sodium in terms of percentage of cation removed per sample, The 
significance of the lines is the same as in Fig. 1. 
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Fig. 3.—Results on potassium in terms of percentage of cation removed per sample, The 
significance of the lines is the same as in Fig. 1. 


preferentially in the order of Ca > K > Na. Therefore, the uptake of Na* by a 
resi, especially in a solution of low sodium concentration, is much suppressed 
by the presence of K* and Ca**. Conversely, the uptake of Ca** by resin is least 
affected by the presence of the other ions in solution. If the results are ex- 
pressed as the percentage of cation removed per sample (solid lines, Figs. 2, 
3, and 4), then the Ca** and K* ions removed decrease as the coneentration of 
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the corresponding cation increases. This agrees with the results obtained in 
the previous experiments. Tlowever, it is interesting to note that the reverse 
is true in the case of sodium (Fig. 2). This again indicates the suppression of 
removal of sodium trom solution by the presence of calcium and potassium ions. 

In Vivo Evperiments.—The animal experiments were concerned with the 
removal of sodium, potassium, and caleium from the alimentary canal of rats by 
H-form resins. Accordingly, fifteen mature rats weighing 260 to 280 erams were 
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used for the metabolie experiments. They were divided into three groups (A, B, 
and () and housed in individual glass cages that have been deseribed  pre- 
viously." Group A was the control group. There were three experimental 
periods of six days each, preceded in every instance by three-day intervals to 
accustom the rat to the experimental diet. The food consumption of each rat 
was recorded daily. Urine and feces were collected separately. Body weights 
were recorded daily and distilled water was allowed ad libitum. 

A six-day urine sample from each rat (one experimental period) was evapo- 
rated to dryness on a water bath. After having been eharred in the presence of 
concentrated sulfuric acid the samples were ashed in a muffle furnace at 1,000 
I’. for twelve hours. Stool samples were treated in a similar fashion, The ashed 
samples were extracted with 6N/HCl and transferred quantitatively to volu- 
metric flasks. Urine samples usually were made up to 50 ml. and stool samples 
to 100 milliliters. The final acid concentration was 2 to 3N. The acid filtrates 
were stored and aliquot portions used subsequently for analysis. 

There were one control and two resin diets. The composition of the stock 
liet is shown in Table II. In the resin diets, either Duolite C-3 or Amberlite 
!R-100H was used in place of the ground cellophane of the control ration. The 
hree experimental periods were carried out in the following order: high sodium 
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TABLE II. COMPOSITION OF STOCK DIF’! 


PARTS/100 


Casein 20 
Wesson’s salt mixture 5) 
Lard 14 
Sucrose 10) 
Cod-liver oil o 
Dried brewers’ veast 8 
Cellophane or resin 10 


diet (HSD), low sodium diet (LSD), and salt-free diet (SED). Each period 
had its corresponding control and experimental diets. During the high sodium 
period 1 per cent of sodium chloride was added to the stock diet, and during the 
salt-free period Wesson’s salt mixture was removed from each stock diet and the 
sucrose content of the diet was increased by 5 per cent. The composition of each 
diet as determined by analysis is shown in Table IIT. The intake of Na, Kk, Ca, 
and P was computed from the intake and composition of the diet and the balance 
from analysis of the excreta. The results are all expressed in terms of millimoles 
of minerals excreted and retained by the animal per 100 Gm. of consumed diet. 
During the experimental period this amount of diet contained 10 Gm. of resin. 


TABLE III. Na, K, Ca, AND P CONTENT IN MILLIMOLES PER 100 GM. DIETS 


CONTROL DUOLITE C-3 AMBERLITE IR-100H 

High sodium 

Na aT Do 28.05 27.71 

K 17,43 17.73 17.74 

Ca 17.71 17.81 17.84 

P Sade 33.72 33.72 
Low sodium 

Na 8.98 9.49 9.14 

Kk 17.71 17.73 17.74 

Ca i414 17.81 17.84 

P 33.72 33.42 Baste 
Salt free 

Na 0.0 0.51 0.16 

kK 0.0 0.02 0.03 

Ca _ 0,56 0.59 0.64 

ts 6.97 6.97 6.97 


The extent of combinations of a resin with cations is indieated by the in- 
crease in fecal cations during the experimental periods. The urinary exeretion 
might be expected to be correspondingly lower; whether a negative balance was 
produced would depend upon the relative eation and resin content of the diet 
and upon the efficiency of the resin. 

Table IV shows the effect of Amberlite TR-100H and Duolite C-3 on the 
sodium, potassium, caleium, and phosphorus excretion of rats maintained on 
various diets. On a high sodium diet the average fecal output of sodium was 13 
per cent of the intake on the control diet, whereas 63 per cent of the intake ap- 
peared in the urine. The fecal output of sodium when Duoiite C-3 and Amber 
lite IR-100H were added to the diet was 41 per cent and 27 per cent respectively 
of the intake. The urinary outputs were correspondingly reduced and sodium 
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retention was similar on the control and experimental diets. Twenty per cent of 
ingested potassium appeared in the feces on the high sodium control diet. The 
remaining 75 per cent of ingested potassium was excreted in the urine. The 
experimental groups excreted 46 per cent and 32 per cent respectively of in- 
vested potassium in the feces with a corresponding reduction in the urinary 
excretion of potassium. The distribution and total calcium excretion were essen- 
tially the same for all three groups except that retention was slightly greater 
for the experimental groups. Phosphorus retention was also slightly greater for 
the experimental groups associated with a reduced fecal excretion of phosphorus. 

Studies on a low sodium diet as compared with the foregoing one were 
intended to demonstrate to what extent the sodium intake influenced the tendency 
for sodium to appear in the feces normally and in the presence of cation resins. 
The control rats excreted 11 per cent of their total sodium intake through the 
feces and 61 per cent through the urine. This distribution agrees closely with 
that obtained in the previous experiment where the sodium intake was higher. 
The absolute amount of sodium lost in the stool was considerably less for all 
groups than had been the ease on the high sodium diet. However, Duolite rats 
excreted 56 per cent of their sodium intake in the feces, whereas the Amberlite 
animals lost 40 per cent of ingested sodium in the feces. The urinary excretion 
was correspondingly reduced. Both resin groups still had a small positive bal- 
ance that was only slightly less than that of the control group. Potassium exere- 
tion was essentially the same in this experiment as in the previous one except 
that there was slightly more potassium retained on the low sodium experiment. 
The pattern of calcium excretion was similar to that in the preceding experiment 
except that both control and experimental groups retained more calcium than 
had been the case on the high sodium chloride intake. Phosphorus retention was 
likewise higher for both the control and experimental groups on the low sodium 
diet and there was a lower output of phosphorus in the stool. The difference 
in fecal phosphorus excretion between control and experimental groups largely 
disappeared on the lower sodium chloride intake. 

Results on the salt-free diet demonstrate the extent to which cation resins 
could actually extract cations from body fluids. In this experiment both control 
and experimental groups showed a negative balance for the cations studied. 
Furthermore, it was clearly demonstrated that under the present experimental 
conditions 10 Gm. of cation exchange resin, Amberlite IR-100H and Duolite C-3, 
extracted from the rat’s body 4.3 and 4.6 mM of sodium, 8.5 and 9.3 mM of 
potassium, and 2.5 mM of ealeium, respectively. The urinary excretion of sodium 
by the experimental groups was approximately three times that of the control 
group, whereas the fecal excretion of sodium by the experimental groups was 
approximately twenty-six times that of the control group. 

The feeal excretion of phosphorus was much the same for all three groups 
on the salt-free diet, whereas the urinary output of phosphorus was three to 
four times as great for the resin groups. During the course of this experiment 
the groups receiving resin developed anorexia. 
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Table V summaries the fecal excretion of cations on the control and experi- 
mental diets as well as indicating the extent to which mineral excretion can be 
ascribed to each resin. The values for sodium and potassium extraction by the 
resin were obtained by subtracting the fecal output of the control groups from 
that of the experimental group, indicated by B-A and C-A. The values for 
ealeium combined with resin were caleulated from the feeal output of both 
phosphorus and ealeium. The fecal Ca-P ratio of the control period was used 
in ealeulating the extent of combination of ealeium and phosphorus. The 
phosphorus of feces times this ratio equals the ealeium combined with phosphorus 
and the difference between this value and the total fecal calcium excretion was 





assumed to equal the extent of caletum bound by the resin. 


TABLE V. AMOUNT or Nat, K*, aNp Ca*t+ REMOVED FROM ALIMENTARY CANAL OF RATS 
BY 10 GM. OF RESIN 





MILLIMOLES OF CATION EXCRETED |  MILLIMOLES OF CATION 
THROUGH FECES REMOVED BY 

A B c | DUOLITE | AMBERLITE 
: DIETS CATIONS CONTROL DUOLITE AMBERLITE (B-A) (C-A) 
i Na 3.92 11.82 7.44 7.60 3.67 
i HSD K 3.59 8.36 5.89 4.77 2.59 
Ca 16.65 16.08 16.33 2.38 Las 
Total 23.96 35.76 29.66 14.38 7.59 
Na 0.95 Das 3.84 £.36 2.89 
LSD kK 3.45 7:10 5.50 oon 1.96 
Ca 4.83 boure 14.40 O37 1.29 
Total 19.23 26.13 23.78 8.28 6.04 
Na 0.18 4.75 4.46 4.57 4,28 
SFD K 0.69 10.00 9.32 9.30 8.62 
Ca 1.29 3.90 er 2.56 ras 
Total 2.16 18.65 17.49 16.438 15.43 


One hundred grams of diet contain 10 Gm. of resin. 


The total amount of minerals extracted by 10 Gm. of Duolite C-3 on the 
high salt ration was 14.65 mM, on the low salt ration 8.28 mM, and on the salt- 
free diet 16.43 mM; whereas 10 Gm. of Amberlite IR-100H gave values on cor- 
responding diets of 7.35, 6.14, and 15.43 mM respectively. The former resin 


; appears to be somewhat more efficient than the latter one in extracting cations 
| from the rat’s gastrointestinal tract. Differences in the cations extracted on 
various diets are probably due to differences in the mineral content of the diets, 

l to the relative affinity of the various cations for the resin, and perhaps to the 
% relative proportions of ealeium and phosphorus to resin in the diets. There was 
f no evidence of toxie effects produced by the resin other than could be ascribed 
1 'o the removal of electrolytes from the body. 
| 
a“ DISCUSSION 

According to the present study 1 Gm. of Duolite C-3 was found to combine 
. | vith 3.39 mM of eations. This result agrees closely with the value of 3.34 in- 
0 ‘luded in Tompkin’s manual.’ This resin is relatively stable during oven drying 


it see Table I). The corresponding values for the other two resins investigated 
re low for Naleite and high for Amberlite [R-100H as compared with those 
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reported in the literature.” Both of these resins were found to be unstable toward 
oven drying. The method of partial vacuum desiccation seems to be preferable 
as a means of determining the moisture content of resins without loss of activity 
bv decomposition. 

The removal of cations by a resin depends upon the capacity of the resin, 
the concentration and proportion of cations in the solution, and the bonding 
strength between the cations and the resin. The capacity of the resin remains 
constant but the ionie concentration of cations may vary widely and the bonding 
strength between resin and cation varies with the cation. According to Boyd, 
the bonding strength of a cation is governed by the magnitude of the charges 
and the radii of their hydrated ions. This concept is in harmony with our 
experimental results wherein calcium was much more readily bound than sodium. 
In biologic fluids the greater bonding strength of ealeium and potassium is par- 
tially offset by the greater concentration of sodium ion in the intestinal secretions, 
That exchange of some sodium for potassium may occur in physiologic fluids 
has been shown in unreported studies in whieh K-resin was equilibrated with 
salt mixtures and plasma. 

The foregoing experiments demonstrated clearly that ingested H-form 
resins have the ability to remove cations from the animal body. There was a 
definite increase in the feeal loss of sodium when resin was fed. Comparison 
of the results on the high and low salt diets indicates that the sodium intake 
influences the extent to which sodium is exchanged by resin in the presence of 
other dietary actions. This indicates that the exchange probably occurs in the 
stomach before much dilution, absorption, or transfer of ions has taken place. 
There is also a greater fecal potassium excretion by resin-fed rats. The sodium 
content of the diet did not appear to have much effect on the potassium uptake 
by the resin as judged by a comparison of the fecal exeretion of potassium on 
high and low sodium diet experiments. However, the calcium content of the 
diet did influence the potassium uptake by the resin as evidenced by the greater 
fecal excretion during the salt-free diet period as compared with that during the 
low sodium diet period. The effect of resin on calcium absorption is difficult to 
determine on the high and low sodium diet experiments because of combination 
of ealeium with phosphorus. A high dietary content of this cation tends to 
obscure the influence of the resin upon cation absorption, since only a small 
percentage of ingested calcium is absorbed normally. Hence the variation in 
absorption produced by the resin makes up only a small fraction of the normal 
fecal calcium output. 

In experiments on the salt-free diet, both the control and the experimental 
rats show a negative balance of sodium, potassium, and calcium. The depletion 
of these minerals is much more striking in the experimental animals. In contrast 
to the other in vivo experiments, the resin removed about 100 per cent more 
potassium than sodium. This is explained by the greater affinity of resin for 
potassium than for sodium which more than offsets the much lower concentration 
of potassium in the gastrointestinal secretions. In this experiment the urinary 
excretion of sodium and calcium was higher than for the control group. This 
may have been due to the extensive loss of potassium through the alimentary 
eanal, thus making less potassium available for neutralization of urinary anions. 
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A cation exchange resin apparently has no direct effeet on phosphorus 
metabolism. This is shown by the fact that both control and experimental groups 
on the salt-free diet excreted about the same amount of phosphorus in the feces. 
The greater uri ary phosphate excretion by experimental animals on the salt- 
free diet may have been due to the extra hydrogen ions obtained from the resin 
and the role of phosphates in the urinary mechanism of acid ion excretion. 

The total amount of caleium, potassium, and sodium removed by each gram 
of resin (Table V) is less than the combining capacity of the resin as determined 
by in vitro experiments. This finding indicates that other cations and organic 
substances which possess a positively charged group were also removed to some 
extent from the gut by the resin. The nature and extent of these combinations 
remain to be determined. 


SUMMARY 


1. Experiments on the combining capacities of the cation exchange resins, 
Naleite HCR, Duolite C-3, and Amberlite [R-100H, indicate that the first-men- 
tioned one is most efficient as judged by the uptake of sodium, potassium, and 
calcium from solution. 

2. It was found that the method of drying a resin may have an important 
hearing on the accuracy of one’s results. Vacuum desiccation over a dehydrating 
agent was found to be more satisfactory than oven drying at 80° C. 

3. It was demonstrated that sodium, potassium, and ealeium can be removed 
from the animal body in significant amounts by the ingestion of cation exchange 
resins. The relative affinity of the resin for different cations and the eation 
content of the diet both influence the extent to which various cations will be 
removed from the body by resin. The in vitro and in vivo uptake of sodium 
by H-form resins is suppressed by ealeium and potassium ions. 

4. A high calcium content in the diet markedly interferes with the uptake 
of potassium and sodium by the resin. 

). These experiments indicate that it may be possible to remove selectively 
cations from the body by proper control of the cation content of the diet and 
the form and amount of ingested resin. 
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LABORATORY METHODS 


AN ACCURATE TECHNIQUE OF HEPARIN ASSAY 


Dwicutr ©. McGoon, M.D. 
BaLtimore, Mb. 


HE widespread use of heparin as a therapeutic agent has created a need 

for accuracy of assay in order that the therapist may be certain of the 
potency of each preparation. Several methods of assay have been developed 
and are now in use, although as yet none has proved itself sufficiently outstanding 
to be chosen as a universal standard. A method which combines simplicity, 
economy, a minimum of error, and which accurately tests the proper physiologic 
properties would be ideal. A system has been worked out which, it is believed, 
more nearly fulfills these desirable standards and therefore is believed to merit 
this report. 

An excellent review of the methods of heparin assay has been made by 
Jorpes and co-workers.' These methods, which make use of unaltered blood,?® 
heparinized plasma,’ oxalated blood plus thrombin,‘ citrated plasma plus caleium 
salt, * 1° oxalated plasma plus calcium salt plus tissue extract in excess," or 
bird plasma plus tissue extract,* 1% 1% 14 have been discussed pro and con quite 
adequately by Jorpes and others and will, therefore, not be discussed here. It 
may be said, however, that the present method detects differences in concentra- 
tions of 1 to 5 per cent, which is more sensitive than others as yet described. 


TECHNIQUE 
This method consists of testing short, heparin-induced prolongations of the clotting 
‘ime of recaleified citrated human blood with an accurate end point which determines an 
incipient degree of clotting. This is made possible by employing a specially constructed 
ourglass tube (Fig. 1). 

Cleanliness of all glassware is of major importance, and it is best to have sufficient 
ourglass tubes on hand to be able to thoroughly clean and dry a large number by the same 
rocess so that any series of tests will be done in tubes of equal degree of cleanliness, A 
‘ube rinsed in saline shows no effect upon control clotting times, but will tend to dilute heparin 
lutions introduced into the tubes; therefore dry tubes are preferable. 

These tubes are secured, the bottom openings corked, in a rack similar to the one pic- 
red in Fig. 2 but which will hold securely ten or twelve tubes, with air vents all facing 
e direction. The two end tubes, e.g., 1 and 10, are selected as controls and 1 ¢.c, normal 
‘ine is placed in each. (Reference to Table I will aid in the understanding of this descrip- 
nm.) Tubes 2 and 9 are selected to determine the clotting time of blood containing a 
parin solution of known concentration. Thus 1 e.c. of a normal siline dilution containing 

proximately 0.45 to 0.50 unit of heparin per cubie centimeter is placed in tubes 2 and 9. 


From the Department of Surgery, Johns Hopkins Hospital. 
Received for publication July 18, 1949. 
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This arbitrary amount is chosen because it prolongs the clotting time of blood some three to 
four minutes by this method, which seems the most convenient. Tubes 3 to 8 are used to 
determine the clotting times of blood containing six different dilutions of the unknown 
heparin solution. These differ approximately 2 to 3 per cent in concentration and cover the 
range which corresponds approximately to that of the standard as determined by preliminary 
assay. Accordingly, 1 ¢.c. of each of these six appropriate solutions is placed in tubes 3 
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Fig. 1.—The hourglass tube. 





Fig. 2.—A tilt rack, as designed by Dr. A. Millan. For the present experiments a rack hold- 


ing ten to twelve tubes is used. 

through 8 respectively. One-half cubic centimeter of a 1 per cent solution of CaCl, is then 
added to each tube, or 0.005 Gm. of CaCl. Now the series is ready for the addition of blood. 
It is necessary to add exactly 1 ¢.c. of blood to each tube, and at nearly the same instant. 
This is best done with the Brewer Automatic Pipette. The apparatus is flushed out an 
filled with human citrated blood, which is readily obtained from any large blood bank as 
discard, usually because of positive serology. The reservoir of blood is maintained at 

constant temperature by keeping it in an approximately 20° C. water bath and is shaken be 
fore each series of tubes is filled. If any length of time has elapsed between tests, it 

necessary to flush the system out with fresh blood, since settling of the red cells oceurs an: 


alters the results. 
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These precautions having been attended to, and the machine having been set to deliver 
1 c.c., the tubes are then filled in rapid succession with 1 ¢.c. of the blood. The first tube is 
filled on the quarter minute mark (i.e., at 15, 30, 45, or 60 sec.) and this time is noted and 
recorded. The top openings of the tubes are then immediately stoppered, at the completion 
of which approximately forty-five seconds have elapsed. The tubes are then inverted three 
times, as rapidly as the blood solution will flow from one end to the other, This insures 
immediate mixing, and one minute now usually will have elapsed. The tubes are thence 
inverted every fifteen seconds. Care is taken to invert the tubes so that the blood will flow 
down the sides opposite the air vents. 

After from three and one-half to five minutes, depending upon the blood, following 
a routine inversion of the rack, it will be noted that the controls will suddenly stop flowing, 
usually at the same turn but occasionally one or two turns apart. If fifteen seconds inter- 
vene between the two controls, the longer is considered the control clotting time; if thirty 
seconds intervene, their average. As the remaining tubes clot the time is recorded, usually 
an additional three to seven minutes being required. 

From these collected data, the beginning time is subtracted from the time of clotting, 
and thus the clotting time is calculated. The prolongation of clotting time is then calculated 
by subtracting the control clotting time from the actual clotting time of the heparinized 
blood, and these values are recorded. For increased accuracy this test should be repeated 
three times, and the average values plotted on a graph. 

Perhaps an illustrative example of a test, picked at random, would be helpful. A heparin 
preparation* was diluted with normal saline so as to contain 0.48 unit per cubic centimeter, 
which is within the desirable range of concentration of the control heparin solution since it 
gives a prolongation of the clotting time of between three and four minutes, The same 
preparation of heparin was then diluted with normal saline so that its concentration was 
2.67 units of heparin per cubic centimeter of solution, and this, labeled Solution X, was con- 
sidered the unknown. For the sake of simplicity, Solution X was considered to have a rela- 
tive concentration of 1, Preliminary assay showed that the relative concentration of Solution 
X, diluted to correspond to the control, was approximately 0.17 to 0.19, which means the 
unknown heparin solution was diluted about 5.5 times with normal saline. Accordingly, 
dilutions of Solution X were made giving relative concentrations of 0.165, 0.17, 0.175, 0.18, 
0.185, and 0.19. Series I was started at forty-two minutes past the hour. The tubes clotted 
as in Table I. 

It is unusual that two tubes (5 and 7) should not fall in line with the gradually 
lengthening clotting times, as in this case, but by repeating the series three more times, this 
individual variation tends to be eliminated. The average of the four determinations in this 


instance is shown in Table IT. 


TABLE II 








TUBE (2ann9| 3 | 4 | 5 pk, Rae ee ~~ 2 

Heparin contents 0.48 u | X0.165) X0.17 | X0.175 | X0.18 | X0.185 | X0.19 
heparin | | 

Average prolongation of 4.05’ 3.62" | 3.81’ | 3.83’ | 4.37’ | 4.67’ 5.62’ 
clotting time | | 


These data are then graphed as in Fig, 8, and the relative concentration of the unknow1 
(X) corresponding to the known is found to be 0.177, which is 981% per cent of 0.18, the ex 
pected answer. 
0.48 u/e.c. heparin (known) 





= : — 0.18 
2.67 u/e.e. heparin (unknown) 





*Hynson, Wescott, and Dunning, Inc.; Lot No. 173. 
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DISCUSSION 

The problem of the relative importance of ionie and bound calcium in the 
clotting of blood, and of the quantitative aspects of the calcium-citrate reaction, 
has been much discussed. The present method, however, is an empiric one, and 
the proof of its worth is in the results obtained, A series of experiments were 
run using varying amounts of calcium to recaleify the citrated blood, and the 
conclusion is clearly drawn that the use of 0.005 Gm. of CaCl, for the recalei- 
fication of 1 ¢.c. of blood gave the shortest clotting time, or the optimal one. 


DETERMINATION OF THE UNKNOWN HEPARIN 
CONCENTRATION EQUIVALENT TO THE KNOWN 
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rig. 3. 


There may be objection to the constant exposure of the blood to air, as 
occurs with the repeated inversions, and to the repeated flowing of the blood 
over a foreign surface. It is undoubtedly true that these factors shorten the 
clotting time of the blood, but it is also true that these factors are essentially 
constant, if the previously mentioned precautions as to cleanliness are observed, 

id that the effect of heparin in prolonging the clotting time is maintained. 
It should be mentioned that in somewhat less than 10 per cent of the tubes 
gradual and indefinite slowing of the blood flow occurs, resulting in a poor 
cud point. The results with such tubes are thus not recorded, but with the 
seribed technique this causes no handicap. Sometimes also, heparinized blood 
ps flowing abruptly, resulting in the usual definite end point, but during the 
text few turns the clot becomes dislodged from the constricted portion of the 
tbe and the blood resumes flowing. This causes no inconvenience, but cor- 
sponds to the findings of Chargoff and associates'™ that there seems to be a 
tening effect exerted by heparin on the fibrin elots.”’ 
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In consideration of the advantages of this method, it may be repeated that 
an ideal method of assay should combine simplicity, economy, and minimum of 
error, and should adequately test the proper physiologic properties. Since the 
blood is usually readily available without trips to the abattoir, and so on, since 
the materials used are cheaply obtained and long lasting, and since little time 
is consumed by the assay, the requirements of simplicity and economy are ful- 
filled. Tests run thus far indicate that the range of error, always present in 
biologie assay, is maintained below 5 per cent. It is believed that the ability 
to detect these small gradations in heparin concentration is due to the sharpen- 
ing of the end point. 

Since slight variations exist in the derivation and composition of the various 
heparins which are placed on the market, the testing of their concentration by 
their effect on the substances on which they will act therapeutically would seem 
most ideal. One of the chief advantages of this method, then, is that it tests 
the effect of heparin on human whole blood, the very substance on which it 
acts therapeutically. 

SUMMARY 

A new technique of heparin assay is presented which uses recaleified human 
citrated blood and a specially constructed ** hour elass’” tube, with an exemplary 
assay given. It is believed that this method more nearly fulfills the criteria for 
an ideal assay than do others thus far described. 

This work was made possible by the interest, assistance, and suggestions of Dr. Jolin 
Brewer, Director of the Bacteriology Laboratories, Hynson, Wescott & Dunning, Inc., 
Baltimore, Md., and Dr. F. H. Watt, of Union Memorial Hospital, Baltimore, Md., and by 
the use of the laboratories and materials generously made available by Hynson, Wescott, and 


Dunning, Ine. To them I am most indebted. 
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IMPROVED DESIGN OF APPARATUS FOR COLLOID OSMOTIC 
PRESSURE DETERMINATION 


(UILBERT S. CAMPBELL, M.LS., M.D. AND FRANCIS J. Happy, M.S., M.D. 
MINNEAPOLIS, MINN. 


eee geS of colloid osmotic pressure with methods previously 
described are somewhat unsatisfactory for one or more of the following 
reasons: the long expenditure of time prior to reaching equilibrium with the 
associated danger of bacterial contamination, stretching of the various mem- 
branes used, complex and expensive apparatus required, trapped air bubbles in 
the system, failure to maintain constant pH and constant temperature, and 
evaporation and subsequent concentration of the buffer solution. 


Apparatus for Colloid Osmotic Pressure Determination 
8 























Measurements given in millimeters 


Fig, 1.—Drawing of the various parts of the osmometer described. Letters are referred to 
in the text. 


The osmometer shown in Fig. 1 has proved to be a satisfactory apparatus 
‘or colloid osmotic pressure determinations. The apparatus consists of a Lucite 
ase (c, c'), sereen support (a, a'), rubber washer (b), and a capillary manom- 
ter tube (d). Two machined, threaded metal rings rigidly hold the mem- 


From the Department of Physiology, University of Minnesota. 
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brane, washer, and screen support against the Lucite base. The cellophane 
membrane surface area of 452 mm.’ is exposed to a 1.3 ¢.c. volume of colloidal 
solution and the equilibrium point for colloid osmotic pressure of plasma is 
reached within eight to fourteen hours. Visualization and removal of air 
bubbles are easily accomplished in this completely transparent device. The 


“* 














Fig. 2.—Completely assembled osmometer. Note the plasma-mercury interphase in the hori- 
zorital arm of the manometer tube. 


metal rings and screen support are chrome plated. Drill holes in the Lucite 
cover of the buffer container admit the calibrated manometer arm, thermometer, 
and electric stirrer shaft. The phosphate buffer fluid used has a total ionic 
strength of 0.150 and a pH of 7.4.* Temperature of the water bath which 
surrounds the buffer fluid container is regulated so as to maintain the tempera- 
ture of the buffer fluid at 37° C. 


; *Keys, A., and Taylor, H.: The Determination of the Colloidal Osmotic Pressure in Blood 
Serum and Similar Fluids, J. Biol. Chem. 109: 47-53, 1925. 
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The apparatus is used in the following manner, <A taut, wet cellophane 
membrane* is forced over the pointed pegs of the screen support and the excess 
membrane sheared off. The rubber washer is then fitted over the sereen, and 
the washer, membrane, and screen support are anchored to the Lucite base by 
means of the peg fittings. The threaded metal rings are firmly screwed to- 
gether over the assembled base, washer, membrane, and screen as shown in Fig. 
2. A 4 ineh plastic tube, with a No. 18 intravenous needle securely fitted into 
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Fig. 3.—Osmotic pressure obtained with the apparatus described for salt-poor concen- 
trated human serum albumin diluted to various concentrations with the phosphate buffer. Each 
point represents a separate measurement. 
each end, is utilized in filling the osmometer with any colloidal solution. To 
one needle is attached a 5 ¢.c. syringe containing the collodial material. The 
other needle is fitted over the needle adapter of the Lucite base. The device 
is held over a light source in order to facilitate the visualization and displace- 
ment of air bubbles during the filling process. Within one to two minutes’ 
time, during which the syringe plunger is repeatedly moved in and out of the 
syringe barrel, the osmometer chamber may be filled and all air bubbles evacu- 
ated. The apparatus is placed in an upright position with the legs of the lower 
ting supporting it as shown in the photograph. After removal of the plastic 
ubing from the syringe and Lucite adapter, the syringe is connected to the 
‘round adapter joint of the manometer. The manometer is filled with the 
olloidal solution. With the syringe still firmly attached, the opposite end of 
he manometer tube is immersed in elean mercury. A few drops of mercury 

re aspirated into the manometer, and the plasma-mereury interphase is estab- 
shed in the horizontal arm of the tube as shown in the photograph. The syr- 








*Visking Corporation, 6733 West 65th St., Chicago, Ill.; .00072 inch equals nominal 
ickness. 
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inge is detached from the manometer after the operator’s left index finger has 
been pressed firmly against the opposite opening of the inverted manometer. 
A No. 22 needle is attached to the svringe and several drops of colloidal solution 
are forced through the needle in order to displace the air bubbles trapped in 
the syringe adapter of the manometer. With the index finger still held firmly 
against the manometer’s smaller opening, the svringe adapter of the manometer 
is attached to the needle adapter of the Lucite base. 

The apparatus is rinsed externally with the phosphate buffer and placed 
in the chamber containing the buffer fluid. The Lucite top of the buffer con- 
tainer is fitted into place, and the electric stirrer started. Within two to three 
hours atter setting the manometer in the buffer fluid, a small wire is passed up 
and down the lumen of the exteriorized manometer tube below the mercury 
level and the wire is withdrawn. This precaution is taken prior to every read- 
ing because a small film of plasma may become trapped and clotted above the 
mereury, thus interfering with the free movement of the mercury. A correction 
is made for the height of the buffer fluid above the horizontal arm of the mano- 
meter. 

Fig. 3 shows the results obtained with this type of apparatus for various 
concentrations of human plasma albumin solution.* Numerous determinations 
were also made of the colloid osmotic pressures of heparinized human and dog 
plasma and gelatin solutions. Repeated readings on the same solutions gave a 
variation of + 1 mm. He. 


We wish to thank Dr. Roger M. Reinecke for his helpful suggestions. 


*E. R. Squibb & Sons, Biological Laboratories, New Brunswick, N. J. 























DETECTION OF PARASITES IN HUMAN EXCRETIONS 
GEORGE Birtner, H.M.C. Unirep STatres Navy 


IME can be saved, and a remarkable degree of accuracy can be obtained in 

routine clinical laboratory work directed toward the detection of various 
parasites found in human excreta, by the use of the method which follows. — It 
will be noticed that no extra equipment other than that already used in accepted 
methods is required. The preparation of specimens is simple and economical. 


METHOD 
Material, 
1. Microscope. 
Microscope lamp (preferably Spencer). 


ws 1S 


Two clear glass blue lamp filters. 
. One clear glass blue substage filter. 


Ct ke 


. 2 per cent aqueous solution of fluorescein (uranine). 

6. Slide, cover glass, and incubator. 

Procedure.— 

A. Place one blue glass lamp filter in the microscope lamp in the usual manner, being 
sure that the ground-glass filter is removed. 

B. The other lamp filter is laid on the microscope mirror so as to permit the flat sur- 
face of the glass to be contiguous with the surface of the mirror, The concave mirror is 
preferred. 

C. The substage filter is placed in the housing of the condenser of the microscope. 

D. Adjust the microscope mirror to give the maximum light. 

Preparation of Specimen: The material to be examined is selected in the usual manner. 
A small portion, about the size of a half grain of rice, is mixed thoroughly with warm 
fluorescein solution. The amount of this solution should not exceed 1 drop. An excess will 
result in a yellow background and loss of contrast. Incubate the preparation for 5 to 10 
minutes at 37° C. 

Examination —All magnifications may be employed. For routine ‘*screen- 
ing’’ the low-power objective is desirable. It will be found that amoebae, eysts, 
leucocytes, living epithelial cells, ova, and flagellates will appear a bright, almost 
fluorescent blue, against a dull lavender background. The condenser should be 
raised and lowered for various magnifications to produce the most contrast and 
suitable light effect. 

SUMMARY 

1. Living animal cells will appear blue. 

2. Dead animal cells, bacteria, and vegetable material will blend into the 
background, thus eliminating the possibility of doubt when artifacts are present. 


From the United States Naval Hospital, Bremerton, Wash. 

The views expressed in this report are those of the author and do not necessarily reflect 
the policies of the Navy Department. 
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3. The longer the preparation remains intact, the greater the contrast. 

4. Subsequent evaporation of preparations will tend to seal cover glass to 
slide, this eliminates the need for petrolatum seals. 

5. Amoebae and othef structures are not destroved nor do they become toxie. 


Motility persists for several hours in many species. 


6. Erythrocytes maintain a yellow-green color. 
7. Living leucocytes may be studied in wet preparations of blood made in 
the same manner as described, using citrated specimens. 

















hLUOROPHOTOMETRIC ESTIMATION OF AUREOMYCIN IN 
BLOOD AND URINE 


ABRAHAM SALTZMAN, M.D., New York, N. Y. 


UREOMYCIN, an antibiotic principle isolated from the substrate of Strep- 
tomyces aureofaciens, has been found therapeutically active against a broad 
spectrum of pathogens, including certain viruses, rickettsia, gram-positive and 
eram-negative organisms.''° Aureomycin is a powerful agent of low toxicity, 
can be given orally, and has the advantage that bacteria do not become resistant 
to it in vivo to the extent that they often do to streptomycin.'' A simple pro- 
cedure for the estimation of aureomycin in serum or urine is described which 
may prove of value in further clinical studies with this new antibiotic. 

While the literature on the clinical aspects of aureomycin is growing rapidly, 
little information can be found on the preparation or chemical properties of this 
substance. It has been stated that aureomycin is a weakly basic compound which 
contains both nitrogen and nonionie chlorine, has a molecular weight of 508, and 
is water soluble (the solubility of the hydrochloride is approximately 14 mg. per 
milliliter at 25° C.)!® Details as to solubility in common organie solvents and 
ultraviolet absorption maxima in acid and basic condition are also given.’” 

In the method that follows a cation-exchange column is used for the adsorp- 
tion of aureomyein from serum or urine. The column is washed with water and 
ethanol and the aureomycin eluted with alkali. Aureomyecin exhibits a brilliant 
bluish fluorescence in alkaline aqueous medium on exposure to ultraviolet light 
(the fluorescence is a faint orange-yellow in acid). The fluorescence developed 
in the alkali is then measured with a fluorophotometer. 


METHODS 

Reagents. 

1. Decalso,* 50 to 80 mesh, is washed before use with 3 portions of 3 per cent acetic 
acid, followed by several changes of distilled water until neutral to litmus, then dried on a 
steam bath. 

2. Ethanol, 100 per cent. 

3. Eluting fluid, 5 per cent aqueous sodium carbonate. 

1, Ton-exchange tubes (available from several manufacturers for the separation of 
thiamine ehloride). It is important that the tubes used in any one experiment be of uni 
form size. The ion-exchange tubes consist of a segment of glass tubing about 15 em. in 
ength and 9 mm. in diameter with a capillary tip and a widened top. 

5. Aureomycin hydrochloride,t for parenteral use, is the standard. A 10 gamma per 
illiliter aqueous solution is prepared and stored in the deep freeze. 

Procedure.—Standards and materials not immediately processed are kept in the deep 
reeze to prevent their deterioration. It is also advisable to protect samples and apparatus 
rom ultraviolet light as some photolability is exhibited. The blood taken for testing 
ould be freshly drawn and nonhemolyzed. On standing at room temperature, or in the 


From the Medical Service of Dr. I. Snapper, the Mount Sinai Hospital. 
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tAureomycin used in this study was kindly supplied by the Lederle Laboratory Division, 
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ordinary icebox, the serum blank value may be increased by the production of fluorescent 
materials. Adsorption columns are prepared by placing a small wad of cotton on the 
bottom of an ion-exchange tube and adding Deealso until a column 7 em, in length is 
formed. Gentle tapping assures uniform distribution of Decalso. It was convenient to 
scratch a line on the columns at the 7 em. level. Measure exactly 1 ml. of serum or plasma, 
or 0.1 ml. urine, into a test tube, dilute to about 5 ml. with water, and add to the top of 
«a column of Decalso. Adsorption of the aureomycin occurs during filtration by gravity. 
An additional 2 ml. of water is used to complete the transfer to the Decalso. 

The columns are washed with water at 25° C., first with 15 ml, then 5 ml., without 
employment of suction. Gentle suction is applied and 35 ml. of 100 per cent ethanol are 
added. Suetion is continued until the last traces of moisture have disappeared from the 
sides of the glass tubing. 

Elution is performed by the addition of 5 portions of 3 ml, of 5 per cent sodium 
carbonate warmed to 60° C. If the capillary at the bottom is small, it is best to begin 
the elution by drawing the eluting fluid through the Decalso with very slight suction until 
the level of the cotton is reached. Islands of unwetted Decalso are thereby avoided. 
Further elution proceeds without suction. The first 0.5 ml. is discarded. After filtration 
by gravity is complete, the fluid remaining on the column is removed for the most part by 
application of suction. Thus, the eluate which is saved has a volume of 18.6 milliliters. 
Allow to cool to room temperature. If the eluate is kept in the dark, the fluorescence may 
be measured within the next two hours without any diminution. 

For accuracy, a standard recovery curve of aureomycin added to 1 ml. samples of 
serum is run along with each set of determinations. For blood samples, the blank on a 
serum sample not containing aureomyein also should be determined. With urine it is suff 
cient to run a blank on the Decalso and eluting fluid. 

Fluorimetric Measurement.—The blue fluorescence of the aureomycin is measured with 
the same primary and secondary filters as in the vitamin B, or the Stilbamidine methods 


(transmission peak of primary 3,700 A, of secondary 4,600 A).15 The Lumetron* instru 
ment, containing a balance photocell and bridge circuit, was employed in this study. At the 


time of addition of standard to serum for the recovery curve, it is convenient to set aside 
a standard of 5 gammas of aureomycin to be kept at room temperature until elution begins. 
This standard is then diluted to 13.6 ml, with eluting fluid. When the fluorimeter has 
warmed up, it is used to set the instrument at a slide wire reading of 30. After mixing, 
the entire eluate, the volume of which is 13.6 ml., is placed in the 15 ml. sample holder for 
measurement, Slide wire readings are taken after a one-minute exposure to the ultraviolet 
light. 


EXPERIMENTAL 


In this method the aureomyecin is separated from serum proteins and other 
constituents by the employment of an ion-exchange column. Protein precipita- 
tion in a variety of methods was attempted but discarded because of large losses 
by adsorption to the precipitate. Cadmium and aluminum hydroxides adsorb 
the aureomycin quite readily, as do resinous cation exchangers such as Amberlite 
IR 100. However, the most suitable material appeared to be the zeolite Decalso. 

The Decalso column will adsorb the aureomycin almost as easily from serum 
or urine as from aqueous solutions. While elution with acids is readily per- 
formed at room temperature, a smal] amount of aluminum is dissolved which 
upon neutralization becomes a floeeulent precipiiate. The aureomycin ean be 
eluted without contamination with aluminum by the use of alkali. After various 
trials it was decided that the most efficient elution with the greatest stability 
occurred with hot sodium earbonate. Saturated salts or alcohols do not elut: 
the drug. 


*Photovolt Corporation, New York, N. Y. 

















FLUOROPHOTOMETRIC ESTIMATION OF AUREOMYCIN IN BLOOD AND URINE 125 


The fluorescence of aureomyein in the sodium earbonate solution shows 
slight deterioration during continuous exposure to ultraviolet light under the 
conditions of measurement (Fig, 1). Highly reproducible readings are made 
conveniently after one minute of irradiation. Aureomyein in the eluting fluid 
exhibits no deterioration in the dark at room temperature for a two-hour period 
and only shght deterioration therafter. The values for fluorescence of aureo- 
myein in the eluting medium form a straight line in the concentration of 0.5 to 
10 gammas per milliliter (Fig. 2). 

Recoveries of aureomyein added to 1 ml. samples of serum vielded generally 
SO per cent or more. The standard reference curve is a recovery curve run along 
with every series of determinations. An accuracy of within about 10 per cent is 
attainable (Table I). 


TABLE IT.) RECOVERY OF AUREOMYCIN-HCI] ADDED TO SERUM 


ADDED (Y) FOUND (Y) 
0.5 05. 0.5, 66 
2.0 Loe 20) 220 
5.0 5.0. 5.0, 5.4 
7.0 On ta 
10.0 9.8, 10.0, 10.1 

30.0 29,2, 29.2, 30.0 
50.0 $8.0, 49.0, 51.0 


The serum blank value of the normal subject and patient not receiving aureo- 
myein is of the order of 0.2 gamma per milliliter expressed as aureomyein. Fur- 
ther washing with water will reduce this blank value, however with greater 
losses of aureomyein. The blank readings on 0.1 ml. samples of urine are 
negligible. The aleohol which is used in the washing has a fluorescence itself. 
It is removed by drying the column thoroughly in a current of air after the 
aleohol wash. 

Most drugs and vitamins are washed off the column with water and alcohol 
and do not fluoresce in the eluting fluid. Quinine and quinidine have a bluish 
fluorescence which is quenched in the eluting fluid. Salicylates fluoresce bluish- 
violet in alkali but do not adsorb to the Deealso."* Sodium gentisate exhibits a 
bright vellowish-green fluorescence in alkali but does not adsorb to the cation- 
exchange column. For a control, the sera of patients receiving salicylates in 
high dosage and of patients in uremia were taken for testing. The values that 
were obtained were identical with the normal serum blank. 

Closely comparable levels were obtained by application of both the chemical 
and bacteriologie assays’? to sera and urine of patients receiving aureomyein 
Table Il). The levels obtained by the chemical method tend to be slightly 
ligher. In the microbiologic method, the urine samples are usually subjected to 

Seitz filtration for sterilization. The filtrate was used in comparison of the 
‘wo methods and moderately good agreement was found. However, simultaneous 
estimations of the original urine with the chemical procedure demonstrated that 
‘bout 35 per cent of the aureomyecin was removed by filtration through a new 
Seitz filter, a necessary step of the microbiologic method. It is, therefore, prob- 
ble that the urinary aureomyein levels, as given by the microbiologic method 
ised for comparison, are lower than the true values because of losses in the 
preparation of the urine samples. 
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Fig. 1.—Decrease of fluorescence of aureomycin in 5 per cent rndium ¢ arb nate during 
continuous exposure to ultraviolet light (vitamin Bi filter, transmission peak 370 A). The 
conditions of measurement are the same as those employed in the method cite rs 
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Fig. 2.—Fluorescence curve of aureomycin. 
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TABLE II. COMPARISON OF AUREOMYCIN LEVELS OBTAINED BY (A) BACTERIOLOGIC AND 
(B) CHEMICAL METHODS 


A B 
| (y PER ML.) (y PER ML.) 
Serum 1 0.8 1.2 
Ze 1.0 0.9 
ae 1.6 2.4 
4. 1.8 2:3 
aa 2.4 2.9 
6. Fr ek 
iP 4.0 4.1 
S. 4.2 5.9 
9. 5.0 | 7.0 
10. 6.0 6.8 
Urine 1. 40.0 53.0 
2. 53.0 54.0 


DISCUSSION 


Two observed physical phenomena, i.e., bright blue fluorescence in alkaline 
solution and ready adsorption to a cation-exchange column, were combined for 
the separation and measurement of the antibiotic aureomycin. The procedure is 
not difficult and requires only 1 ml. of serum which need not be sterile. The 
sensitivity of the method (0.5 to 10 gammas per milliliter) is adequate for the 
usual range of serum values as found by microbiologie methods.’ 1 ‘71'S While 
the latter have better sensitivity, their accuracy, especially in the upper range, is 
somewhat less. Similar values are obtained by the appleation of both methods 
to blood and urine, an indication that the fluorescent material measured is also 
the biologically active one. 

The specificity of the procedure was tested with common drugs and with 
uremic blood and no interference was found. For optimal results, a recovery 
curve is run with each set of determinations. In particular, losses may oeeur if 
the washing procedure is not adhered to rigidly. 


SUMMARY 


A simple chemical method for estimation of aureomyein in blood and urine 
is given. The antibiotie is separated from interfering substances by adsorption 
on a column of Decalso, which is then washed with limited amounts of distilled 
water, followed by ethanol] and air drying. Elution is performed with hot 5 per 
cent sodium carbonate. 

In alkaline solutions, aureomyecin fluoresces a bright blue under ultraviolet 
light. The fluorescence of the aureomycin in the eluate is directly measured in 
a fluorophotometer. Accuracy of the method is within 10 per cent. 

Levels obtained by application of microbiologic and chemical methods to 
blood and urine of patients receiving aureomycin were compared and found to be 
approximately the same. This indicates that the fluorescent material measured 
's also the biologically active one. 


The author is grateful to Dr. I. Snapper for the suggestion to use the flucrescence of 
ureomyein and its adsorption to Decalso as the basis of a quantitative estimate of this 
ntibiotic. Dr. F. Lieben rendered helpful suggestions. Dr. S. S. Schneierson and Miss B. 
‘oharsky kindly performed the microbiologic assays. 
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A COLORIMETRIC METHOD FOR THE DETERMINATION OF 
CHLOROMYCETIN IN SERUM OR PLASMA 


SAMUEL P. BeEsSSMAN, M.D... AND Sara STEVENS, B.S. 
WASHINGTON, D. C. 


N RESPONSE to a need for a rapid microdetermination of the blood levels 

of chloromycetin, a colorimetric method was devised which would not be 
subject to the variability of the microbiologic methods’? now available and 
potential danger from the use of pathogenic organisms. The method is based 
on the reduction of the aromatie nitro group of chloromyecetin to an amino 
group, and the determination of the amine form by a modification of the 
Bratton and Marshall* method for sulfonamides. The method is sensitive in 
the range of 5 to 150 gamma per milliliter of serum. This covers the therapeutic 
range of concentrations.* 

During the course of this investigation it was brought to the attention 
of the authors that a colorimetrie method based on the same principle as this 
one had been developed by Glazko and associates,’ but that they used metallic 
zine or titanous chloride as the reducing agent. The present method uses 
stannous chloride and has the following advantages: The entire reaction can 
be carried out in the colorimeter tube; since no dilution is necessary, the method 
is about four times as sensitive; no filtration or centrifugation is required to 
remove the reducing agent, resulting in a considerable reduction in the time 
and manipulation required for the determination; adenine does not interfere 
with the determination. 

The color developed obeys Beer’s law over the range 5 to 150 gamma, so 
a factor can be derived from a calibration curve which will be constant for a 
given set of color development reagents. The reagent blank may be made with 
either the stannous chloride solution or the hydrochloric acid. We run a pair 
of standard solutions along with each day’s determinations to cheek on the 
stability of the reagents and the reproducibility of the method. The maximum 
variation over a month is plus or minus 5 per cent. 


MATERIALS AND METHODS 


) 


Reagents.—Barium hydroxide, approximately 0.3 normal: Dissolve 15 Gm. of anhydrous 
barium hydroxide in 500 ml, of hot water. Cover the solution, allow it to cool, and filter it 
into a bottle provided with a siphon outlet and a soda-lime tube for air inlet. 

Zine sulfate, approximately 5 per cent: Dissolve 25 Gm. of ZnSO, . GHOH in 500 
ml. of water. Adjust these reagents® by titrating 5 ml. of the zine sulfate solution, diluted 
with 20 ml. of water, against the barium hydroxide, using phenolphthalein indicator. The 
solution must be swirled vigorously after each addition of barium hydroxide, and the end 
point is a permanent pink. Dilute the zine sulfate so that 5 ml. are neutralized by 4.7 to 
1.8 ml. of the barium hydroxide. 
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70 per cent hydrochloric acid: 70 ml. concentrated acid made to 100 milliliters. 

Stannous chloride: 0.80 Gm. per 100 ml. of 70 per cent hydrochloric acid (make 
fresh weekly). 

Sodium nitrite: 1 per cent (make fresh weekly and store in refrigerator). 

Sulfamate reagent: 0.50 Gm. ammonium sulfamate, 27.6 Gm. NaH,PO, . HOH made 
to 100 milliliters. 

Coupling reagent: 0.20 Gm. n-(1-naphthyl) ethylene diamine dihydrochloride per 
100 ml. (store in brown bottle in refrigerator). 

Chloromycetin standard: 100 mg./100 ml.; keep tightly stoppered in refrigerator. 

Filtrate.—Place 5 ml. of water in a centrifuge tube and add 1 ml. of serum. Add 
2 mi. of barium hydroxide, mix well, and add 2 ml. of zine sulfate solution. Allow to stand 
for a few minutes and centrifuge at about 2,000 r.p.m. for ten minutes. 

Reduction.—Place 2 ml. of the supernatant in each of two colorimeter tubes calibrated 
at 6 ml., labeled T (test) and B (blank). To Tube T add 0.5 ml. of stannous chloride 
solution, and to Tube B add 0.5 ml. of 70 per cent hydrochloric acid. Place in a boiling 
water bath for exactly twenty minutes. Remove and cool in cold water to room temperature. 

Color Development.—Add 0.5 ml. sodium nitrite to each tube, and wait two minutes. 

Add 2.0 ml. sulfamate reagent, mix well by shaking, and wait three minutes. 

Add 0.5 ml. coupling reagent, make to the 6 ml. mark with water, mix, and read both 


tubes against a reagent blank at 555 mu, after twenty minutes. 


The standard curve is prepared by diluting the stock solution of chloro- 
myecetin 1 to 100, to give a ‘‘working”’ solution containing 10 gamma of chloro- 
myecetin per milliliter. Two milliliters of this solution are equivalent to 2 ml. 
of filtrate from serum containing 100 gamma of chloromycetin per milliliter. 
A series ot four dilutions of the ‘‘100 gamma’’ standard are prepared by plae- 
ing 2, 4, 6, and & ml. of the ‘‘workine’’ standard in 10 ml. volumetrie flasks 
and making to the marks with distilled water. These dilutions correspond to 
20, 40, 60, and 80 gamma per milliliter sera respectively. Two milliliters of 
each of these solutions are placed in colorimeter tubes and a water blank is run 
with the set. A standard curve is drawn through the plot of the logarithmic 
seale reading against the gamma per milliliter serum concentrations, Fig. 1. 
Although the method has been developed on the Coleman Junior Spectro- 
photometer it can be used with any colorimeter which requires 6 ml. or less of 
solution and has a filter in the region 540 to 560 millimicrons. 

A standard of 20 gamma per tube is equivalent to a serum of 100 gamma 
per milliliter and it provides a factor for ealeulation of all the levels in the 
set of determinations. The calculation is as follows—all readings being taken 
from the 2-log T seale: 


(T-B) » z < 100 = Gamma per milliliter of serum, 
St 

Reproducibility of the method is indicated by thirty-seven determinations 
of the reading with a standard equivalent to 100 gamma per milliliter, with a 
mean reading of .295, and a standard deviation of 0.012. The mean difference 
between duplicate determinations is 3.€6 per cent with a standard deviation of 
2.36 per cent. 

In agreement with Glazko and co-workers we find that the maximum ab- 
sorption of the colored complex is at 555 mp on the Coleman Junior Spectro- 
photometer. We also find that folie acid is determined by the stannous 
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chloride reduction, but that adenine is not reduced to a diazotizable compound 
by this method. In analysis of fourteen normal sera the value for aryl amines 
ranged between 0 and 4 gamma per milliliter with an average of 1.5 gamma. No 
chloromycetin was found in any of these sera. The analysis of forty-seven serz 
of patients receiving chloromycetin showed aryl amines of 0 to 12.1 gamma per 
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Fig. 1.—Standard curve for calibration of colorimetric method for chloromycetin. 


milliliter with an average of 2.9 gamma. Although the aryl amine values of 
treated patients are significantly higher than those for patients not receiving 
chloromycetin, they bear no relation to the level of the antibiotic found at the 
same time. 

Glazko and co-workers report that chloromycetin is apparently bound to the 
red cells. We tested our method on six samples of plasma and whole blood, and 
the whole blood values were 56 to 67 per cent of the plasma values. The per 
cent recovery from the whole blood tends to be inversely proportional to the 
hematocrit. This confirms the findings of the other investigators.° 

A comparison of the colorimetric method with the available microbiologic 
methods is somewhat misleading, since the microbiologic methods are subject to 
serious systematic errors. We have used the turbidimetrie method of the labora- 
tories of the Army Medical College* and the ‘‘end point’’ method from the 
‘aboratories of Parke-Davis Company.’ In our hands the turbidimetrie method 
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gives low recoveries, and the end point method gives high recoveries. Both 
methods give fairly acceptable recoveries up to 40 gamma per milliliter of serum, 
but the values begin to diverge sharply from the expected values when the con- 


centrations are higher than this level. Fig. 2 shows the recoveries by the two 
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Fig. 2.—Comparison of turbidimetric, end point, and chemical methods in the recovery of 
chloromycetin added to serum. 
microbiologic methods and the chemical method, when chloromyecetin is added 
to citrated plasma. One milliliter of chloromycetin solution, containing 1,000 
gamma, was added to 9 ml. of plasma. One, two, and three milliliter aliquots 
of this mixture were made to 5 ml. with plasma, and samples of all the dilutions 
were tested by the various methods. The two microbiologic methods were run on 


the same set of sterile dilutions. The chemical determinations were done on an 
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unsterile plasma. The diagonal line represents theoretical recovery. The turbidi 
metric method can be accepted as the more accurate of the two microbiologic 
techniques, and the chemical method as the most accurate of the three, for the 
detection of chloromycetin alone. The chemical method gives recovery of 99 to 
101.5 per cent. To determine whether there are any considerable amounts of 
degradation products of chloromycetin in the serum of treated patients, as 
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chloromycetin. Concentrations in gamma chloromycetin per milliliter. 


described by Glazko and co-workers, we ran a number of parallel determinations 
of sera of patients receiving the antibiotic. The results are plotted on Fig. 3, in 
which the ordinate represents the concentrations determined chemically, and the 
abscissa represents the microbiologic values. The solid diagonal line represents 
perfect agreement between the two types of determination, and the broken lines 
represent the plus or minus 30 per cent error inherent in the microbiologic 
methods. The values above the solid. line are those in which the apparent 
chloromycetin concentration was higher by chemical determination than by 
microbiologie test. These data show the turbidimetric values to be somewhat 
lower than the chemical values, and the end point values to be k’gher, particu- 
larly in the higher concentrations. This confirms the results shown in Fig. 2. 
Since some of the turbidimetrie determinations fall outside the limits of error 
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of the method, we ean assume that the difference between the serum conecentra- 


tion found by the chemical method and the concentration found by the turbidi- 
metric method represents degradation products, or ‘‘inactivated’’ chloromycetin, 


which still contain reducible nitro groups. This is in agreement with the find- 
ings of Glazko and associates. 

To test further for the difference between the turbidimetric method and the 
chemical method, three blood level curves were run on normal adults after they 
ingested 1.5 Gm. of chloromyeetin. Blood was taken at 0, 15, 1, 2, 4, and 6 
hours and analyzed for chloromyeetin by both methods. The results are shown 
in Table I. The two methods agree closely for the first thirty minutes and 
then diverge, the maximum difference at any time being 10.8 gamma. The 
turbidimetric method gives the lower results consistently in the last two deter- 
minations for each curve. This suggests that the difference between the turbidi- 
metric method and the chemical method is real and represents nitro-containing 
substances inactive in the microbiologic test. Apparently the breakdown of the 
chloromycetin molecule becomes appreciable two hours after its administration. 


TABLE I. PARALLEL TURBIDIMETRIC AND CHEMICAL DETEKMINATIONS OF CHLOROMYCETIN 
IN THE SERUM OF THREE ADULTS AFTER INGESTION OF 1.5 GM. OF CHLOROMYCETIN 
(RESULTS EXPRESSED IN GAMMA PER MILLILITER) 


TIME | TURBIDIMETRIC ] CHEMICAL l | wEAN 
(mMIN.) | 1 : i & MEAN 4] 2 3 MEAN DIFFERENCE* 
—_— ee 0 ie 0 
30 18 4.7 20 14.2 16.4 5.6 19.8 13.9 —0.3 
60 21 17 19 19.0 26.6 18.8 21.0 22.1 43.1 
120 25.5 34 18 25.8 32.5 31.7 21.8 26.7 +2.9 
240 12 22 12 15.3 22.8 28.0 2 23.6 48.3 
360 5 16 6 9.0 10.1 20.7 12.4 14.4 +5.4 


*Mean chemical value minus mean turbidimetric value. 


This coincides with its peak level in the blood. If such degradation products 
continued to accumulate during prolonged administration of the antibiotic, the 
chemical method could be expected to give erroneous results, but the maximum 
difference that we have found between the turbidimetrie and the colorimetric 
methods, as seen from the data of Fig. 3, is 11 gamma per milliliter. Thus the 
degradation products of chloromycetin are excreted more rapidly than the 
antibiotic. This is in agreement with the finding of Glazko and co-workers that 
the concentration of degradation products of chloromycetin in the urine is far 
greater than the active chloromycetin concentration. 


SUMMARY 


A microcolorimetric method is described for the determination of chloro- 
mycetin in 1 ml. samples of serum, based on the reduction of the aryl nitro 
group with stannous chloride, and susequent diazotization and coupling to 
produce a red complex. This method is four times as sensitive as the method of 
Glazko and co-workers and requires much less manipulation. A comparison of 
the values for sera determination by this method and by microbiologic methods 
indicates reasonable agreement, in general within the limits of error of the 
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microbiologic methods. The appearance in the blood of small quantities of nitro- 
containing substances which are not antibiotically active four hours after the 
ingestion of chloromycetin confirms the previous findings of Glazko and associ- 
ates. 


We wish to thank Dr. Anthony Glazko of Parke-Davis Laboratories for a copy of the 
report of his chemical determination of chloromycetin prior to publication. We also wish 
to thank Dr. Sydney Ross for valuable suggestions during the course of this work. 
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A CLINICAL EVALUATION OF THE BLACK-KLEINER-BOLKER 
BLOOD TEST FOR MALIGNANT DISEASE 


M. M. Sterrner, M.S.,* H. Baron, M.S., B. E. Lowenstein, M.D., 
A. E. GReEENWALD, M.D.,+ W. L. Mersuemer, M.D., aNp I. S. KLEDNER, PH.D. 
NEw York, N. Y. 


T HAS long been known that an abnormality of the blood proteins occurs 

during the course of malignant disease (Toennies, 1947). Accordingly, it 
has been suggested that this abnormality be made the basis of a blood test for 
eaneer. One method for estimating this abnormality of the blood proteins is 
the parallel determination of the methylene blue reduction time (Black, 1947) 
and the heat turbidity index (Black, Kleiner, and Bolker, 1948). While this 
test is not entirely specific for cancer, the rather small number of false negative 
results has raised the possibility of using it as a screening test to indieate the 
patients whose further study is warranted to determine the possible presence of 
cancer. 

The present investigation was undertaken in order to ascertain further the 
usefulness of the Black-Kleiner-Bolker index as a routine sereening ‘test for 
cancer, in an entirely new series of cases. To date 497 cases have been studied 
and the results have been sufficiently encouraging to justify a report at this 
time. 

METHODS 


The details of our present procedure are given below. 

Ten milliliters of fasting blood} are withdrawn into a dry syringe and placed in a 
bottle containing sufficient potassium oxalate to prevent clotting. The contents are mixed 
by rotation. Care must be taken throughout to minimize hemolysis. As soon as possible the 
plasma is separated from the cells by centrifuging at 3,000 r.p.m, for twenty minutes and the 
plasma is pipetted off and placed in a separate bottle. 

Methylene Blue Reduction Time.—To 1 ml. of plasma in a 10 by 100 mm. Wassermann 
tube is added exactly 0.2 ml. of a standardized solution of methylene blue in distilled water 
containing approximately 150 mg. of dye per 100 ml. of solution. (This dye must be 
standardized before use against a known and previously standardized solution of methylene 
blue.§) One drop of capryl alcohol may be added to prevent foaming, and the tube is then 
immediately placed in a 400 ml. beaker containing 200 to 250 ml. of vigorously boiling water. 
It is imperative that the water be boiling briskly, otherwise the temperature near the surface 


‘ 


will fall significantly below 100° C. and the reduction of the dye will not oeeur. Without 

removing the tube from the water bath, the time of disappearance of the last trace of color - 
is recorded to the nearest half minute and noted as the methylene blue reduction time. It 

is necessary to observe the disappearance of color without removing the tube from the water 

bath because the dye will promptly regain its color if cooled below 100° C, 

From the Department of Physiology and Biochemistry, the Cancer Detection Clinic, the 
Department of Surgery, and the Department of Medicine, New York Medical College, Flower 
and Fifth Avenue Hospitals. . 
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tMany drugs, including penicillin, streptomycin, antihistaminics, and the sulfa drugs, 
interfere with the test. 

§The primary methylene blue standard is cefined as one which gives a reduction time 
of between 7 and 9 minutes for normal plasmas. 
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CLINICAL EVALUATION OF BLACK-KLEINER-BOLKER BLOOD TEST By 


Heat Turbidity Index—To 1 ml. of plasma in a Kleit colorimeter tube are added with 
mixing 4 ml. of distilled water or de-ionized water. The tube is then placed in a Klett colori 
meter and the optical density (using a 540 my filter) recorded. The tube is then placed in 
a bath of briskly boiling water of sufticient height to cover 9/10 of the tube (i. ec. well 
above the level of the diluted plasma) and of sufficient volume that the boiling of the water 
is not appreciably disturbed. The tube is held in place for exactly ten seconds and then re- 
moved and cooled immediately for thirty seconds under cold running water. The tube is 
dried and the optical density again read in the Klett colorimeter. The increase in optical 
density after heating is called the heat-turbidity index. 

Caution must be taken to determine both the methylene blue reduction time and the 
heat-turbidity index as soon as possible after the blood is drawn, Also, blood must be 
stored in the refrigerator if it is not to be tested immediately. In no case should it be used 
if it is more than twenty-four hours old, and the plasma should always be separated from 
the cells within one hour. 

Sourecs of Patients.—Patients were referred from the following sources (see Table 
1): The Cancer Detection Clinie of the Flower and Fifth Avenue Hospitals, through the 
kindness of Dr. John Vieta, Chief of the Cancer Detection Clinic, and Dr. James Winfield, 
Director of the Surgical Service of the New York Medical College, Flower and Fifth Avenue 
Hospitals; the surgical wards and outpatient department of the Metropolitan Hospital; the 
wards of the City Hospital through the kindness of Dr. Richard Gordon; the Life Extension 
Institute through the kindness of Dr. Harry J, Johnson; and the Tumor Clinic and wards 
of the Flower and Fifth Avenue Hospitals through the kindness of Dr. James Winfield, Dr. 
Linn J. Boyd, and many other members of the Attending Staff of the Flower and Fifth 
Avenue Hospitals. All patients designated as normal in our table, have, therefore, been 
examined by a physician and passed clinically as normal at about the time blood was with- 
drawn for testing. The majority of cur normal subjects came from the Cancer Detection 
Clinic. No ease was included in the malignant series until the diagnosis had been confirmed 
by histopathologic findings. 


TABLE I, SOURCES OF PATIENTS 


Flower & Fifth Avenue Hospital 


Cancer Detection Clinic 313 
Ward and private patients 79 
Tumor Clinie 12 
Metropolitan Hospital 
Ward and outpatient dept. 13 
New York Cancer Hospital 5 
City Hospital 5 
Life Extension Institute 10 
Private and other 30 
Total 497 


It should be emphasized that the diagnosis was never available to the laboratory before 
the tests were run. In fact, in a majority of the eases, the results were reported before the 
final diagnosis had been made. While, of course, the laboratory was aware that the work 
Was intended primarily as a study of malignant disease, it was equally true that the majority 
‘f the patients tested did not have any malignancy and the results of the tests were recorded 
and reported in most cases without the knowledge of even the clinical impression. 


RESULTS 
Fig. 1 (upper) is a frequeney-distribution curve of the methylene blue 
reduction time in 134 normal persons. The curve follows the expected normal 


listribution with a mean of 8 minutes and a standard deviation of 84 minute. 
Ninety-eight per cent of the values obtained from normal individuals fell within 











138  STETTNER, BARON, LOWENSTEIN, GREENWALD, MERSHEIMER, AND KLEINER 


a range of plus or minus twice the standard deviations from the mean, It is 
therefore a fair presumption that values above 914 minutes (i.e. methylene blue 
reduction times of 10 minutes or more) are abnormal. Fig. 1 (lower) is a similar 
curve for the heat-turbidity index which has a mean value for the normal group 
of 63 units with a standard deviation of 1644 units. Again, 98 per cent of the 
indices of the control group of patients fell within a range of the mean value, 
plus or minus twice the standard deviation, so that an index of over 96 units 
may be considered abnormal. 

Using the foregoing criteria for abnormality, the methylene blue reduction 
time was found to be abnormal in 52 per cent of the cases of malignant disease 
(Fig. 3) and the heat turbidity index abnormal in 80 per cent of the cases 
of malignant disease (Fig. 3). In 96 per cent of the cases either the methylene 
blue reduction time or the heat-turbidity index is disturbed. 

In order to appraise the specificity of the tests, a series of patients is in- 
cluded with a variety of nonmalignant diseases. (Fig. 2.) Most of the patients 
in this group fall within the limits of normal, with the exception of some pregnant 
women and some (but not all) patients with pulmonary tuberculosis, acute 
rheumatic fever, or quantitative disturbance of the blood proteins. (The group 
with known plasma protein abnormalities is excluded from consideration at 
present since the results of the test in these subjects should obviously be cor- 
rected for the concentration of protein present. ) 


DISCUSSION 


The value of a screening test is in direct proportion to its specificity and 
to the percentage of positive cases found. Obviously, the use of any blood 
reaction as a test for malignant disease is subject to the limitation that the 
tumor in question cannot be detected unless it causes enough change in the blood 
to give an abnormal reaction. 

Within this limitation the Black-Kleiner-Bolker reaction seems quite sensi- 
tive, since at least two of the malignant tumors giving abnormal reactions 
were almost microscopic in size. However, the reaction is certainly not specific 
since ailments other than malignant disease can and sometimes do cause abnormal 
reactions. We are seeking at present to ascertain the specificity of the test by: 
(1) The use of better instruments and more accurate measurements of both 
methylene blue reduction time and heat-turbidity index. (2) Reecaleulation 
of the values in terms of the protein concentration in the sample studied. (3) 
Fractionation of the plasma proteins and use of pure fractions in the perform- 
ance of the tests. 

In its present form we believe that the Black-Kleiner-Bolker test carefully 
performed under controlled conditions has a definite place in clinical medicine 
as a routine screening test for malignant disease. In the cases in whieh one 
or the other of the Black-Kleiner-Bolker tests fell outside the normal limits. 
practically all of the patients were ill, and the majority had cancer or some 
other form of malignant disease. On the other hand, of the 400-odd patients 
whose Black-Kleiner-Bolker tests were within normal limits, only two ha 
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eaneer. Therefore, if both the methylene blue reduction time and the heat- 
turbidity index are within normal limits, malignant disease is almost certainly 
absent. On the other hand, if either test performed on a drug-free blood speci- 
men is outside the normal range, and if tuberculosis, pregnancy, acute rheumatic 
fever, and quantitative blood protein abnormalities are ruled out, the proba- 
bility is that cancer is present and the case should not be closed without a thor- 
ough search for a malignant tumor. 


SUMMARY 


1. The technique used in performing the Black-Kleiner-Bolker tests for 
cancer is described. 

2. A result within normal limits militates against the probabilities of the 
presence of cancer. 

3. Caneer is probably present if either of the tests vields an abnormal result 
and if there is no marked alteration of blood protein concentration and the patient 
has neither tuberculosis nor acute rheumatie fever and is not pregnant. 
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RAPID DIALYSIS OF SERUM AND URINE FOR ELECTROPHORESIS 





Mariz A. Fiscuer, Pu.D., AND Paut A. STEINMAN 
PITTSBURGH, PA, 


RIOR to electrophoretic analysis, protein solutions must be dialyzed against 

an appropriate buffer until Donnan equilibrium is established. Rapid 
dialysis has the advantages of promptly providing analytical data to the elin- 
ical laboratory and of eliminating the cold storage space required for static 
dialysis. To promote rapid equilibration of the sample and buffer, Longsworth 
and co-workers! placed the cellophane bag, containing diluted serum, in 150 
ml. of buffer, which was rotated at room temperature for one hour. This pre- 
liminary dialysis was followed by statie dialysis against 2 liters of buffer for 
twenty-four hours or more at 0 to 2° ©. Reiner and Fenichel? equilibrated 
diluted serum and buffer in two hours at room temperature by mechanieaily 
stirring the contents of the dialysis sack. In the present experiments, the in- 
expensive, rocking dialysis apparatus of Kunitz and Simms* was used, because 
it combines the advantages of the foregoing methods by continuously stirring 
the sample and the outside buffer. 


METILODS 


Fifteen milliliter samples of undiluted urine were used in the studies on human urine. 
In the case of sera, however, 5 ml. of sera were diluted with two parts of Veronal buffer, 0.1 
ionic strength and pH 8.6.4 The urine or diluted serum was placed in a cellophane bag and es- 
sentially all of the air was pressed out of the bag before tying off the top and freely sus- 
pending it in a bottle containing 2 liters of Veronal buffer at room temperature. The bottle 
was strapped horizontally onto the platform of the rocker’ which was driven by a windshield 
Wiper motor at a speed of 80 to 100 cycles per minute. In order to determine the rate of 
dialysis, conductance measurements were made at suitable time intervals on aliquots of sample 
and outside buffer. In each case, the aliquot was replaced before the dialysis was continued. 
To measure specific conductances, a Shedlovsky cell! was used in conjunction with the pre- 
cision conductance apparatus described by Luder.6 The samples were cooled to 0° C. in a 
crushed-ice-water mixture in a Dewar flask and the resistance was measured until no change 
was observed. 

Electrophoresis was carried out at a field-strength of 7.89 volts cm.-1 for 10,800 seconds 
at 1° C. in the Tiselius apparatus as modified by Longsworth.t The patterns were magnified 
2.5 times and the relative protein concentrations determined according to the procedure of 
Tiselius and Kabat.6 The relative concentrations of the protein constituents were determined 
on the descending patterns, except for that of the B-globulin fraction which was taken from 
the ascending pattern. The descending patterns also were used for computing mobilities. 
These calculations were based on the distance from the salt (€) peak to the peaks of the 
various protein components. 


RESULTS 

Dialysis of Serum.—F ig. 1 shows a typical rate curve for the dialysis of 
diluted serum against 2 liters of buffer. For comparison, a curve for one part 
ot 0.9 per cent saline and two parts of buffer is also shown. It is evident that 
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the general shape of the conductance curves is the same and that in both in- 
stances the diffusible ions are essentially equilibrated within sixty minutes. 
At equilibrium, the difference in conductance between the diluted serum and 
the outside buffer is due to the well-known Donnan effect exerted by the serum 
proteins. The data in Fig. 1 also corroborate the observation? that the intro- 
duction of serum ions into the large amount of buffer used for dialysis causes 
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Fig. 1.—Dialysis of diluted serum and of diluted physiologic saline solution at room temperature. 


an insignificant change in the conductance of the buffer. By calculation from 
the initial conductance, of the diluted serum, assuming that the ions re- 
sponsible for the serum conductance will finally .. distributed in the 2 Jiters 
of buffer, one should not expect the change in buffer conductance to be greater 
than 0.3 per cent. In all of the sera we have dialyzed, the difference between 
the initial and final conductance values of the outside buffer did not exceed 
this limit. This buffer was therefore used in the electrophoresis experiments. 

Since the minimum conductance value of diluted serum at twenty min- 
utes is only 2 per cent lower than the equilibrium value, it seemed reasonable 
to assume that a dialysis of only thirty minutes’ duration would be sufficient 
in the routine clinical application of electrophoresis. That this assumption is 
justified is evident from the data in Table 1. Each of three samples of serum 
were subjected to electrophoresis after a thirty-minute dialysis and also after 
a sixty-minute dialysis. A comparison of the percentage composition and 
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TABLE IT.) ELECTROPHORETIC ANALYSES OF SEKA AND URINE DIALYZED IN THE ROCKING 
DIALYSIS APPARATUS 


| “ELECTROPHORETIC CONCENTRA- | 


TION ®* MOBILITY t¢ 


TIME 
SAMPLE | OF DIALYSIS | ALB. a | a B y | ALB. a, a, Bh ¥ 
Serum 1 30> min. 63.7 6.5 8.3 12.3 10.8 6.54 5.41 4.31 3.12 1.61 
1 hr. 63.0 5.8 10.3 13.0 11.2 6.24 5.16 4.03 2.94 1.41 
Serum 2 30) min. 59.8 5.2 11.1 14.8 10.9 6.47 5.41 4.22 2.90 1.42 
i he. 60.4 6.4 9.7 15.2 10.8 6.34 530 420 3.09 1.67 
Serum 3 30 min. Sov 3.6 10.5 17.4 °17.5 6.48 5.46 4.28 3.03 1.53 
1 hr. 50.7 4.8 11.0 18.5 16.9 6.55 5.438 4.24 3.22 1.56 
Serum 4 1 hr. 63.7 5.1 8.3 14.4 2.2 6.45 5.21 4.12 3:23 1.50 
1 hr. and 3 62.7 5.6 (0 L420) E3e7 6.47 5.52 4.20 3.20 1.70 
days 

Normal serat Mean 6.50 5.38 4.21 3.23 1.57 
S.D. 12 sig OS AZ 09 

Urine 60 min. 6.51 5.53 3.37 


*8 peaks were measured on the ascending boundary; all other peaks on the descending 
boundary. 

+All mobility measurements were made on the descending boundary. 

tAverage mobility of eleven normal sera dialyzed two to three days by static dialysis. 


mobility values of both analyses of the same sample show satisfactory agree- 
ment. A fourth sample was eleetrophoretically analyzed after one hour of 
dialysis and also after a one-hour dialysis which was followed by three days 
of statie dialysis at 0 to 2° C. The data show that the shorter procedure was 
adequate; but, for further comparison, the mean mobility values of eleven nor- 
mal sera which had previously been analyzed in this laboratory after static 
dialysis for two or three days at 0 to 2° C. are included in Table I. The 
mobility values of samples prepared for electrophoresis in thirty minutes by 
the procedure deseribed are in good agreement with the mean values of sera 
prepared by static dialysis. Thus, the time of dialysis is no longer a limiting 
factor in the analysis of sera by electrophoresis in the clinical laboratory. 


Dialysis of Urine.—Sinee the concentration of protein in urine is usually 
lower than that of serum, undiluted urine has been used in these experiments. 
Consequently, the electrolyte concentration of urine was higher than that of 
serum and, in accord with the excretory function of the kidney, the electrolyte 
concentration varied widely from sample to sample. The dialyses illustrated 
by Fig. 2 were studied on two samples of nephritie urine. In one instanee, a 
15 ml. sample was dialyzed against 2 liters of buffer. Equilibrium was slowly 
approached in eighty minutes, and the specific conductance of the outside buf- 
fer in this case had increased from an initial value of 3.09 x 10°° to a final 
value of 3.18 x 10°%, an inerease of 3 per cent. In the second instance, it was 
decided to rock the 15 ml. sample of urine for twenty minutes against 500 ml. 
of buffer and subsequently against 1,500 ml. of buffer. It is apparent from 
lig. 2 that the latter procedure was the more effective in establishing equi- 
librium between the diffusible ions of the sample and buffer. The conductance 
of the 1,500 ml. portion of buffer was essentially unchanged as a resuit of the 
dialysis and was used in electrophoresis experiments. Fig. 3 shows an electro- 
phoretie pattern of urine from a nephrotic patient. The urine had been di- 
alyzed as deseribed for sixty minutes against two portions of buffer and is 
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Fig. 2.—Equilibration at room temperature of nephritic urine with (a) 2 liters of buffer and 
(b) with 500 ml. of buffer for twenty minutes and subsequently with 1,500 milliliters. 
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Fig. 3.—Urine from a nephrotic patient electrophoretically analyzed after rapid dialysis. 


similar to most of the urine samples which have been studied in this labora 
tory.” The mobility values of the descending pattern have been included in 
Table I, which shows that the mobilities of the albumin and the two globu 
lin fractions of urine are essentially the same as those of the albumin, 
a, and B-globulin fractions of normal serum. The sixty-minute dialysis period 
with the suggested change of buffer has been adopted. 
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SUMMARY 


1. This paper describes the use of the inexpensive, rocking dialysis ap- 
paratus of Kunitz and Simms for the dialysis of human serum and urine for 
electrophoretic examination. 

2. Diluted human serum ¢an be equilibrated against a 2 liter portion of 
buffer within thirty minutes. However, undiluted urine requires a total of 
sixty minutes of dialysis with one change of buffer. 

3. The analytical data reported for the electrophoretic examination of the 
sera and urine after rapid dialysis agree favorably with data obtained on sera 
which had been dialyzed by statie dialysis for two or three days. 
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A SIMPLE AND RAPID ANALYTICAL METHOD FOR He, Bi, Sb, AND As 
IN BIOLOGIC MATERIAL 


A. O. GertuerR, M.A., PH.D., AND S. Kaye, M.A. 
New York, N. Y. 


N THE performance of routine toxicologie analyses on body tissues and fluids, 
economy of time and material is of utmost importance, especially if such 
economy may be realized without sacrificing the reliability of the analytical 
results. The search for the common toxic metals is an essential and important 
part of any complete analysis. The Reinsch test which offers a rapid method for 
the detection of mereury, bismuth, antimony, and arsenie requires no preliminary 
drying and ashing of tissues, blood, or urine. A spiral of copper wire is placed 
in the acidified and finely ground tissue or fluid to be analyzed. The solution 
is then gently boiled and the appearance of a coating on the copper spiral 
indicates the presence of one or several of these metals. A seheme of analysis 
involving the Reinsch test for the detection and estimation of the above-mentioned 
metals in the presence of one another and employing only one copper spiral is 
described in the present report. Selenium, tellurium, and sulfur have been 
included in the scheme, not only because of interest in their specific identification, 
but especially as a means of determining exactly which of these substances 
caused the copper spiral (Reinsch test) to tarnish, in the event that it was 
later determined that antimony, arsenic, bismuth, or mercury were not present. 
The Reinsch test is performed so as to quantitatively deposit the metals 
mentioned. To the deposit on the copper spiral, a series of tests are applied. 
First, a contact reagent is employed to detect and estimate the mereury; then 
appropriate solvents are used to completely remove a particular metal or group 
of metals from the spiral. To the solutions thus obtained there are added 
reagents, as indicated below, to identify each metal. The procedure is so 
arranged that an estimation may be made simultaneously. Several of the tests 
employed were found to be sensitive and specific for quantities as low as 0.01 
milligram. 
METHOD FOR DEPOSITION 
To a 20 Gm. sample of finely macerated tissue, stomach contents, or urine, in a 50 ml. 
Erlenmeyer flask, there are added 4 ml. of concentrated hydrochloric acid. To the tissue 
10 ml. of water are also added. <A spiral is prepared by winding a length of 20 gauge 
copper wire tightly and closely over a piece of glass rod ten times. The copper spiral, after 
being washed with alcohol and with ether, is introduced into the material contained in the 
flask. The contents of the flask are gently boiled for approximately one hour and_ the 
original volume is maintained constant by the addition of 10 per cent hydrochloric acid 
(by volume) from time to time. After at least one hour the spiral is removed and washed 


with water. A large amount of mercury or bismuth may require a longer heating period. 


; From the Chemical Laboratories of the Chief Medical Examiner’s Office of New York 
City and the Chief Medical Examiner’s Office of Virginia. 
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A silvery coating may indicate mercury. A dark discoloration may indicate antimony, 
arsenic, bismuth, selenium, sulfur, or tellurium, or any combination of these substances. 
It is recommended that, even in the absence of a visible deposition, the identification pro- 
cedures be carried out, since sensitivities of suggested confirmation tests for these metals 


would detect smaller amounts than are visible on the copper spiral. 


IDENTIFICATION AND ESTIMATION 


1. Mercury.—Mereury may be readily identified by a simple test deseribed 
by Gettler.!. A small filter paper is placed on a watch glass, and 2 drops of 
a suspension of cuprous iodide are placed on the filter paper. The cuprous iodide 
is prepared according to the directions of Ganassini. Five grams of CuSO, 
and 3 Gm. FeSO, (anhydrous, precipitated with alcohol) are dissolved in 10 ml. 
of water. Seven grams of KT in 50 ml. water are added while stirring. The 
precipitate is filtered and washed with water. The precipitated cuprous iodide 
is then transferred to a brown bottle with the aid of a little water. It is kept 
in the form of a suspension. The coated copper spiral is placed upon the spot 
of cuprous iodide, covered with a wateh glass, and allowed to stand for ap- 
proximately one hour. A salmon to salmon-pink color, due to the formation 
of cuprous mercurie iodide, develops if mercury is present in amounts even as 
small as 0.020 milligram. <A set of standard cuprous mercuric iodide stains, 
ranging from 0.020 me. to 0.20 me. of He, are made in a similar manner. By 
comparing the stain obtained from the sample with the standard stains, one 
can estimate the quantity of mereury in the sample. The test is specifie for 
mercury. (Other metals that deposit on the copper spiral do not interfere. ) 
If a more accurate quantitative determination is desired, once the presence of 
mereury has thus been established, the dithizone procedure deseribed by Gettler 
and Lehman? may be used. 

After the determination of either the absence or the presence of mereury, 
the procedure is continued with the original coated copper spiral. The spiral 
is washed free from any adhering cuprous iodide, from the mereury test, and 
is transferred to a small test tube. 


2. Bismuth.—lt has been reported by Kaye and Castillo? that a bismuth 
deposit on the copper spiral may be quantitatively dissolved with dilute nitric 
acid. The other deposited metals neither dissolve nor interfere with the sub- 
sequent test for bismuth, under the conditions of the procedure deseribed. This 
test is sensitive to 0.010 me. of bismuth. 

To the copper spiral, now in the small test tube, there are added 1 ml. of 
» per cent sodium sulfite solution and 1 ml. of 15 per cent nitrie acid. This 
mixture is allowed to act on the spiral with frequent agitation until the deposited 
bismuth has been dissolved. Approximately five minutes is sufficient if the 
deposit of bismuth is not too large. Arsenie and antimony do not dissolve 
under these conditions. The copper spiral is earefully removed from the test 
tube with the aid of a wooden applicator, washed with water, and retained for 
subsequent testing. To the solution remaining in the test tube there are added 
| ml. of distilled water and 1 ml. of quinine-potassium-iodide reagent. (One 
eram of quinine sulfate is dissolved in 100 ml. of 0.5 per cent nitrie acid and 
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then 2 Gm. of potassium iodide are added and allowed to dissolve.) This 
reagent is stable if kept in a brown bottle. The suspension of quinine-bismuth- 
iodide that results is compared with standard suspensions prepared as follows. 
Into each of six small test tubes, similar to the one used above, introduce 1 ml. 
of 5 per cent sodium sulfite solution and 1 ml. of 15 per cent nitrie acid. There 
are then added respectively 0, 0.010, 0.020, 0.040, 0.070, and 0.100 me. of 
bismuth. The contents of each test tube are then diluted to a volume of 3 ml. 
with distilled water. and there is added 1 ml. of quinine-potassium-iodide 
reagent. The test tubes are then shaken and the turbidities are compared. 
The color of the blank is slightly yellow but clear; 0.010 mg. of bismuth pro- 
duces a slight turbidity and a faint orange color; 0.020 mg. yields more turbidity 
and a more distinct orange color. With higher concentrations the turbidity and 
color progressively increase. The resulting turbidity is approximately 75 per 
cent of the theoretical value as determined by recovery experiments. Use of a 
correction factor of x+% gives a reliable estimation of the bismuth content. The 
method is specific for bismuth under the conditions of the test. The addition 
of sodium sulfite inhibits any reaction of dissolved copper with the iodide. In 
the event that a more accurate determination of bismuth is required once its 
presence has been established by the foregoing technique, the method of Sproull 
and Gettler® or spectrographic analysis may be employed. 


3. Antimony.—If the deposit on the copper spiral has a purplish sheen the 
presence of antimony is suggested. In any ease the following procedure should 
be employed. 

The copper spiral from which the bismuth has been dissolved is washed 
and placed in a small test tube. One-half milliliter of 10 per cent potassium 
cyanide is added and the contents of the tube are shaken gently for five minutes. 
A deposit due partially or totally to the presence of arsenic, selenium, tellurium, 
or sulfur will be dissolved by this treatment while an antimony deposit will be 
unaffected. The copper spiral is removed from the solution and washed with 
a little water. The solution is preserved for the detection of arsenic, selenium, 
tellurium, and sulfur. (See the next section.) The copper spiral should be 
tested immediately for antimony since on standing (one hour or more) the 
antimony becomes passive and its determination is rendered difficult. Under 
the conditions of the various procedures performed up to this point, only 
antimony will remain on the copper spiral. A comparison with standard 
quantities of antimony deposited on copper spirals yields a fair estimation of 
the quantity of antimony present. It is well to proceed with the analysis of 
the antimony deposit on the copper spiral by means of the modified Gutzeit 
method described by Kaye,* which is sensitive to 0.010 mg. of antimony. When 
testing for antimony it is preferable to impregnate the disk of filter paper with 
a 5 per cent solution of silver nitrate instead of the mercuric bromide solution. 
as suggested for arsenic. 

If antimony is present it is converted, in the Gutzeit apparatus, into 
stibine which stains the silver nitrate paper a light gray to black color. Thi 
intensity of the stain is proportional to the quantity of stibine produced. 1 
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order to determine the quantity of antimony present in the sample, the stain 
on the paper disk is compared with a series of standard stains prepared in the 
same manner from known quantities of antimony, ranging from 0.01 mg. to 
0.10 milligram. These standard stains are stable if stored in the dark. 

Arsenic acts similarly to antimony in the Gutzeit test, but the former has 
been previously removed from the copper spiral by dissolving it with potassium 
cyanide solution. In order to be absolutely certain that the stain is due to 
antimony, it is exposed to HCl fumes. If due to antimony the stain fades, 
whereas if due to arsenie the stain remains unchanged. 


4. Arsenic, Selenium, Tellurium, and Sulfur——The potassium eyanide 
solution which was preserved is now tested for arsenic and for selenium, tel- 
lurium, and sulfur if present in large amounts. Experiments have shown that 
large quantities of selenium, tellurium, and sulfur will darken a copper spiral 
in the Reinsch test. Under ideal conditions the darkening will take place with 
as little as 0.050 mg. of these elements. However, the conditions of the Reinsch 
test as previously described are not ideai for the quantitative deposition of 
selenium and tellurium. In the presence of 4 ml. of concentrated hydro- 
chlorie acid most of the volatile hydrides of selenium, tellurium, and sulfur 
are lost during the procedure. If 0.25 ml. of concentrated hydrochlorie acid 
is added, then these elements may be quantitatively deposited on the copper. 
However, if there is present a large quantity of these elements (0.2 mg. or more), 
the copper spiral would darken in spite of the excess of acid, and it is with this 
particular situation that this section is concerned. In the event that the spiral 
is tarnished and arsenic, bismuth, or antimony is absent, it would be of some 
importance to know whether the deposit is due to sulfur from decomposed 
biologic material, from sulfur containing administered drugs such as sodium 
formaldehyde sulfoxylate, or whether it is due to selenium or tellurium. 

If one is specifically interested in the identification and estimation of 
selenium and tellurium, the deposition on the copper spiral should be carried 
out on 20 Gm. of the original material after adding only 0.25 ml. of concentrated 
HCl] solution. 

To the 14 ml. potassium cyanide solution which was preserved, introduce, 
as a catalyst, the washed copper spiral from which the antimony has been re- 
moved; add 4 drops of ethyl alcohol and 5 drops of cadmium acetate reagent 
(dissolve 2.5 Gm. of cadmium acetate in 20 ml. of glacial acetic acid and dilute 
to 100 ml. with distilled water), shake, and let stand for five minutes. An 
orange precipitate indicates selenium, and a black precipitate, tellurium, while 
a yellow precipitate indicates sulfur. These three elements cannot be detected 
in the presence of one another, but may be detected in the presence of mereury, 
antimony, bismuth, and arsenic. 

These precipitates are distinctive and specific and none of the other metals 
ihat deposit on the copper spiral interfere with the test. The cadmium acetate 
iest, although sensitive to 0.050 mg. in each ease, does not give positive results 
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with pure solutions of these elements. It appears that the deposition on the 
copper and solution of the deposit in the evanide reagent is an integral part 
of the test. 

In order to estimate the approximate quantity ef selenium or tellurium 
present, (if originally the smaller quantity of hydrochlorie acid had been used 
in the Reinseh) a series of standards is prepared ranging from 0.025 mg. to 
0.100 me. in 20 ml. of water containing 0.25 ml. of concentrated hydrochloric 
acid solution. These standard quantities of selenium or tellurium, as the case 
may be, are then deposited on a series of copper spirals as previously described. 
The deposit is dissolved in 14 ml. of 10 per cent potassium eyvanide solution. 
To this solution are added 4 drops of ethyl aleohol and 5 drops of the cadmium 
acetate reagent; this solution is shaken and allowed to stand five minutes. By 
comparing the precipitated suspension obtained from the biologic sample with 
the suspensions obtained in the series of standards, a fair estimation of the 
quantity present is obtained. 

Arsenic, although dissolved by the cyanide solution together with the 
selenium and tellurium, does not give any visible reaction with the cadmium 
acetate reagent. If the copper spiral was tarnished and if the cyanide solution 
of the deposit yielded a negative cadmium acetate test, there is a strong indication 
that arsenie was originally present. To confirm the presence of arsenic, the 
eyanide solution of the deposit is acidified with 10 per cent sulfurie acid and 
subjected to the modified Gutzeit test as described by Kaye.* This procedure 
serves only as a qualitative method for the detection of arsenie when in the 
presence of potassium cyanide. 

For a quantitative estimation it is advisable to take another 20 Gm. 
portion of tissue or body fluid and allow all of the arsenie to deposit on a new 
copper spiral as already described. The coated copper spiral is then placed 
in the modified Gutzeit apparatus.* The paper disk is impregnated with a 5 
per cent mercuric bromide solution. The yellow stain produced by arsine is 
compared with standard arsenic stains prepared in a similar manner. Standard 
should range between 0.005 to 0.040 milligram. Above 0.04 mg. the stain is so 
deep brown in color that an estimation is impossible. The presence of as little 
as 0.005 mg. of arsenic may be detected and differences of a few micrograms 
of arsenic are discernible. It was experimentally observed that in this method 
there is only a 50 per cent recovery (which is a constant value), because one- 
half of the arsenic combines chemically with the copper while the other half 
deposits on the copper. It is this latter half which is converted into arsine. 
The value of the stain from the sample must, therefore, be multiplied by a 
correction factor of two. 





SUMMARY 


A simple and rapid method, based upon the Reinsch test, for the detection 
of antimony, arsenic, bismuth, mercury, selenium, and tellurium is described. 
By treatment of the deposit on the copper spiral with a contact reagent, 
suitable solvents, and testing reagents, the detection and estimation are readily 
accomplished. 


5. Sproull, R. C., and Gettler, A. O.: 
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THIOSULFATE DETERMINATION IN KIDNEY FUNCTION TESTS 


A SIMPLE Metiop FOR THE DETERMINATION OF THIOSULPATE IN 
BLoop AND URINE 


CLAaus Brun, C.M. 
COPENHAGEN, DENMARK 


HE observation of the identity between the clearance of thiosulfate and the 

rate of glomerular filtration in man' has made the determination of glomeru- 
lar filtration a simple matter, which is within the analytical range of every 
clinieal laboratory. 

Newman, Gilman, and Philips! give two different methods for the estina- 
tion of thiosulfate. 

The first method makes use of the conventional iodometrie reaction in which thiosulfate 
is oxidized to tetrathionate by iodine in excess, released from iodide by a measured amount 
of KIO,; precautions must be observed to make the solution alkaline before the addition of 
iodate to prevent the reaction between thiosulfate and iodate. (See below.) After intro 
duetion of KIO,, KI, and HCl, in the named order, the excess iodine is baektitrated with 
thiosulfate. 

The second method is based upon the fact that under certain circumstances thiosulfate 
is oxidized to sulfate by acid reaction. The reaction shows as the final result a disappearance 
of 8 I for every molecule of thiosulfate which reacts with KIO, and the gain in sensibility 
is eightfold over the first method. (Naturally, the blank value of the blood increases 


correspondingly. ) 


Recently Elliott and Scott? found difficulties in recovery of thiosulfate in 
the presence of para-aminohippuriec acid (PAHI)——a fact of considerable sig- 
nificance when the tubular function and the renal plasma flow are investigated 
with this drug in connection with the determination of the filtration rate. 

They showed that PAH disturbs the determination by reacting with the 
liberated iodine when the solution is acid. This difficulty may—in the first 
method—be overcome by a quick titration after acidification of the sample. 

For more than two vears we have in our laboratory made use of an ex- 
iremely simple and yet very exact procedure in the determination of thiosulfate 
in blood and urine. The advantages of the method are that we avoid addition 
of KIO, in excess and the following backtitration with thiosulfate, and further- 





more the presence of PAH by no means disturbs the analysis. 

The method is based on a direct titration of thiosulfate with iodine at aeid 
reaction and with starch indicator. It is necessary to work with a N/1,000 
iodine solution but even this dilute solution is stable when it contains excess 
iodide and when not exposed to direct sunlight or contact with organic matter 
(rubber tubes, stoppers, ete.). 

METHOD 

Reagents, 

Iodine solution N/10 (jin JI]. PH.D.). 


Potassium iodide (1 Gm. powders). 





From III Medical Department of the Kommunehospital, Copenhagen. Physician in Chief: 
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Hydrochloric acid 2N. 

Sulfurie acid 34N. 

Sodium tungstate 10 per cent, 

Soluble starch (2 per cent in saturated NaCl solution). 

lodine solution N/1,000; A stable N/1,000 iodine solution is prepared from N/10 by 
dilution. Add 1 Gm. KI per 100 mi. final volume. Keep in a dark room when not in use 
and never expose it to direct sunlight. 

Protein Precipitation.—A Folin-Wu_ filtrate in the dilution 1:5 is used. To 1 ml. 
plasma in a centrifuge tube add 2 ml. distilled water, 1 ml. 10 per cent sodium tungstate, 
and 1 ml. 24N sulfuric acid. When several samples are analyzed, mix the precipitating agents 
and water in the named proportions just before use and add 4 ml. of the mixture with a 
measuring syringe weighed to deliver 4 milliliters. After five minutes centrifugate and 
pipette 3 ml. of the completely clear supernatant into a broad test tube. 

Urine.—Dilute fifty to one hundred times (less, when catherization and bladder lavage 
is used). Three milliliter dilution is used without any other preparations. In cases of severe 
proteinuria, precipitation of proteins may be necessary to avoid too high blank values. 

Titration.—The plasma and urine aliquots are pipetted into broad test tubes (about 30 
by 100 mm.); 1 ml. 2N hydrochloride acid and 0.3 ml. starch solution are added. The 
samples are then titrated with N/1,000 iodine, with continual stirring, until the appearance 
of the first traces of blue color, Compare with an identical test tube with water, using 
strong artificial illumination against a white background. 

Burette.—An all-glass burette, divided at 14, ml., is used. Rubber tubes are to be 
avoided. 

Blank Value.—The blank value is determined on a preinjection sample and approximates 
0.04 to 0.08 ml. N/1,000 iodine solution, Only in very rare cases we have found higher blank 
values, owing to difficulties in getting a perfectly clear filtrate from the protein precipitation. 

Titration Error: The ‘‘blank value’’ is partly due to iodine-consuming substances in 
the plasma and urine and partly due to titration error. The titration error is a consequence 
of the necessity of a certain concentration of the blue starch-iodine complex before the color 
is visible. Therefore, it is dependent on the total amount of fluid in the test tube at the end 
point of titration. When using the amounts of solutions previously stated, the correction to 
be drawn from the found titration value at room temperature is shown in Table TI, 








TABLE I 
ITRATION VALUE | “TITRATION ERROR ~— 
(Mi. N/1,000 IODINE) (ML. N/1,000 IODINE) 
ee ae ee isi |) pia Saaiiaiaii 0.04 2t™” —-. 
1 0.04 
9 0.04 
z 0.05 


5 0.06 


The blind value per se is after this correction only 0.00 to 0.03 ml, N/1,000 iodine. 
In ordinary routine clearance tests it is not necessary to make allowance for this variation 
in the total blank value. The values found on preinjection samples of blood and urine may 
be used without significant error. 

Standardization of Iodine Solution.—The iodine solution is each time standardized 
against a N/400 sodium thiosulfate solution, which is stabilized with HgO. The thiosulfate, 
which is very stable, may be standardized against an iodate solution of suitable strength. 
The titer of the N/1,000 iodine solution changes very little or not at all for weeks, when 
properly handled. (See Reagents.) 

Calculation.—If 1 ml. N/400 thiosulfate uses a ml. of the iodine solution and 3 ml. of 
the centrifugate or sample dilution use b ml. (after correction for titration error and blank 
value) the concentration of thiosulfate is for plasma 
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b x 5 x 158 x 100 65.83 


x é =i) -> — mg. per 100 ml. 
axs x 400 a 
and for urine (in dilution 1:50) 
b x 50 x 158 x 100 698.33 
; ce 7 “ o YT OO 
cc ee er | b - mg. per | ml, 


RESULTS 
By this method we have analyzed plasma and urine to which a known 
amount of sodium thiosulfate was added. 


The recoveries are shown in Table IT. 


TABLE II 


ADDED AMOUNT | RECOVERED AMOUNT 
(MG. PER 100 ML.) (MG. PER 100 ML.) PERCENTAGE 

a 19.75 19.50 eye) 
30.3 30.2 100 

Jlag « ° om 
Plasma 39.5 39.0) gg 
79.0 (i.e 98 
Uri 395.0 388.0 9S 
— 263.5 263.0 LOO 


The standard deviation found on ten analyses of the same sample of serum was + 0.17 
milliliter. 

As previously mentioned, there is by this method no difficulty in determin- 
ing thiosulfate in the presence of PAH. 

Table III shows the results from recovery experiments with three different 
samples to which were added the same amount of sodium thiosulfate. To one 
half of each sample was added a solution of PAH; to the other half was added 
an identical amount of water. 

The recovered amount of thiosulfate was practically identical in the two 


samples. 
TABLE III 
| | THIOSULFATE | 
THIOSULFATE PAH ADDED | RECOVERED | 
ADDED (MG. &%)_ | (MG. %) (MG. %) PER CENT 

Plasma <A a C~C~S se 299 : 8 
A 30.4 50 30.0 99 
B 30.4 0 30.2 99 
B 30.4 50 30.4 100 
Urine 198 0 196 99 
198 2 O00 196 99 


SUMMARY 


A very simple and exact method for determining the amount of thiosulfate 
in plasma and urine is described. It is shown that the presence of PAH does 
not disturb the determination. 
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MICRODETERMINATION OF PLASMA PHOSPHOLIPIDS BY 
TRICHLOROACETIC ACID PRECIPITATION 


D. B. Zitversmit, Pu.D., anp A. K. Davis, B.S. 
MEMPHIS, TENN. 


INTRODUCTION 


HE disturbances of serum lipids in diseases of the liver, in endocrine imbal- 

ances, or in dietary deficiencies are poorly understood. Even though much 
attention has been given to cholesterol, the other blood lipids have received but 
little consideration. Thannhauser' has recently reviewed the alterations of blood 
lipids in various diseased conditions. Peters and Van Slyke,’ in a discussion 
on the value of serum lipid determinations in ¢linical medicine, have expressed 
the hope that the measurement of plasma phospholipids may increase the ac- 
curacy of diagnosis of liver disease. 

The very paucity of information on the progressive changes of serum phos- 
pholipids during the course of a disease makes it impossible to predict the 
diagnosti¢ or prognostic value of such data in other disorders. The main reason 
that serum phospholipids have not heen routinely determined in clinical lab- 
oratories has been the lack of a simple method for their determination. Not 
only does the extraction of lipids require special apparatus, but the use of fat 
solvents involves operations which cannot easily be performed in the average 
clinical laboratory. 

It has been known for some time that in the dog, plasma phospholipids are 
quantitatively precipitated by trichloroacetic acid.* Thus it was possible to 
measure the concentration of plasma phospholipids by a phosphorus determina- 
tion on the trichloroacetic acid precipitate. It seemed by no means unlikely that 
a similar procedure might be applicable to the determination of phospholipids 
in human plasma. In the present publication it is shown that indeed such a 
prevedure is not only possible but also that it is particularly suited to the deter- 
mination of plasma phospholipids in small quantities of blood. 


METHOD 


Reagents.—Trichloroacetie acid 10 per cent. One hundred grams trichloroacetic acid 
crystals made to 1 liter with distilled water. Keeps well when stored in cool place. 

Perchlorie acid 60 per cent. Reagent. Merck. 

Ammonium molybdate 4 per cent. Four grams of finely powdered ammonium molybdate 
(reagent) dissolved in 100 ml. distilled water. iXeeps for several weeks in the refrigerator. 

A.N.S.A. Stock solution: 30 Gm. sodium bisulfite, 6 Gm. sodium sulfite, and 0.5 Gm. 
of l-amino, 2-naphthol, 4-sulfonic acid (Eastman) are mixed; the volume is made to 250 
ml. with distilled water. After two to three hours any undissolved material is removed by 
filtration, and the clear solution is stored in the refrigerator in a dark bottle. This solution 
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will keep for a month or more. For each series of determinations, 10 ml. of the preceeding 
stock solution are diluted to 25 ml. with distilled water and the solution is then ready for 
use, 

Standard phosphate. Stock solution: 4.391 Gm. of potassium dihydrogen phosphate per 
liter. This solution contains 1 mg. of phosphorus per milliliter. Add 1 drop CHCl, as a 
preservative. In the present method use 2 ml. of a 1:100 dilution of the preceding stock 
solution. Both solutions will keep almost indefinitely in a refrigerator. 

A pparatus.—Micro-Kjeldahl digestion rack. A 11% sq. in. piece of wire gauze is 
placed over each hole and slightly dented to support the digestion tubes. 

Carborundum boiling chips. Crystolon. 

Digestion tubes. 125 by 15 mm. Pyrex test tubes. Calibrate to contain 10 milliliters. 

Klett-Summerson photoelectric colorimeter with red filter. (Maximum transmission at 
660 millimicrons. ) 

Procedure.—Two-tenths of a milliliter of plasma is accurately delivered into a digestion 
tube containing 3 ml. of water. Three milliliters of 10 per cent trichloroacetic acid are 
added; the first 1.5 ml. is added drop by drop while swirling the tube, the remainder more 
rapidly. After standing one to two minutes the tubes are centrifuged at approximately 
1,500 r.p.m. for two to three minutes; the supernatants are decanted and are saved if a 
determination of plasma inorganic phosphate is desired. 

Next 1 ml. of 60 per cent perchloric acid is added to each tube and a carborundum 
boiling chip is placed in each to insure smooth digestion. t 

After heating twenty to thirty minutes, the solutions are clear and colorless. When 
they are cooled, approximately 5 or 6 ml. of distilled water are added. 

During the digestion, two reagent blanks containing 0.8 ml. of 60 per cent perchloric 
acid} and three standards containing 0.8 ml. of 60 per cent perchloric acid and 2 ml. of 
the phosphate standards containing 0.01 mg. phosphorus per milliliter should be prepared. 
The blanks and standards are also diluted witii water to a volume of 6 or 7 milliliters. 

The samples are next arranged in the following order: Two reagent blanks, two stand- 
ards, up to twenty unknowns, one standard. To each sample 1 ml. of 4 per cent ammonium 
molybdate is added and allowed to mix; then 1 ml. of the A.N.S.A. reagent is added, along 
with enough water to make 10 ml., and again the solution is thoroughly mixed. The A.N.S.A. 
reagent should be added to the samples in the order in which they will be read and the time 
of addition should be noted. The analyst should standardize his work so that the A.N.S.A. 
reagent is added at approximately the same rate at which the samples are to be read. The 
color should be read in colorimeter tubes approximately twenty minutes after the addition of 
the A.N.S.A. reagent. The Klett colorimeter is set to zero with the lowest§ reagent blank. 

For the determination of inorganic plasma phosphate, the trichloroacetic acid super- 
natants are used in a modification of the Fiske-SubbaRow method.’ Eight-tenths milliliter 
perchloric acid, 1 ml. ammonium molybdate, and 1 ml, A.N.S.A. are added to the super- 
natants as in the phospholipid method, while the digestion is omitted. 

Calculation.—Since the colorimeter is ‘‘zero’d’’ with a reagent blank, the reading is 
directly proportional to the phosphorus content of the sample, thus: 


Reading of unknown 
Reading of standard 





] 
x 0.02 x 75 x 100 = Milligrams per cent phospholipid phosphorus. 





*Norton Company, Worcester, Mass. 

+Perchloric acid is explosive if heated to dryness, and the fumes are toxic. The 
greatest dangers lie in overheating the tubes (too high a flame) and bumping, which allows 
drops of perchloric acid to run down the outside of the hot tube where they evaporate. The 
use of pure carborundum chips will eliminate bumping. Glass beads, glass chips, or porce- 
lain chips are not satisfactory. It is advisable to watch all digestions until the foaming phase 
has passed; this requires about five minutes. The carborundum used should be boiled with 
perchloric acid and then tested for phosphate by the procedure outlined for plasma samples. 
The boiling chips can be used again. 

tOnly 0.8 ml. of perchloric acid is used because as much as 0.2 ml. of perchloric acid 
may be used up during the digestion. 
' §The use of two reagent blanks is recommended. Occasionally one of the reagent blanks 
is contaminated with a slight amount of phosphate. 

; ||To compare this value with results expressed as milligrams per cent phospholipid, one 
multiplies by 25. 
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MICRODETERMINATION OF PLASMA PHOSPHOLIPIDS 1 


EXPERIMENTAL 


Alcohol Ether Extract.—In order to evaluate the results of this new method, 
determinations of acid insoluble phosphorus are compared in each instance with 
the phosphorus content of an alcohol ether extract. This extract is prepared as 
follows: 2 ml. of freshly obtained heparinized plasma are added, under constant 
agitation, to 50 ml. of 95 per cent ethy] aleohol contained in a 100 ml. volumetric 
flask. After the addition of 25 ml. of freshly distilled ethyl ether, the mixture 
is refluxed from one to two hours in a water bath, at a temperature between 
50° and 60° C. The mixture is cooled to room temperature, and enough alcohol 
is added to make 100 ml.; this is shaken thoroughly and filtered. A 15 or 20 
ml. aliquot of the filtrate is then transferred quantitatively to a micro-Kjeldahl 
flask and evaporated to dryness on a steambath. The residue is digested with 
2.2 ml. of 60 per cent perchloric acid over a microburner. The digest is cooled 
and transferred to a 25 ml. volumetric flask with distilled water. Phosphorus 
may now be determined by the addition of ammonium molybdate and amino- 
naphthol sulfonie acid.‘ 


That the aleohol ether extract is not contaminated by phosphorus-contain- 
ing substances other than phospholipids has been shown several times.* * Thus 
it seems justifiable to use the data obtained on the alcohol ether extract as a 
basis for judging the validity of the new method. 

Trichloroacetic Acid Precipitation.—It was noted originally that 10 ml. 
of 10 per cent trichloroacetic acid would completely precipitate the phospholipids 
contained in 1 ml. of dog plasma.’ The procedure then employed may be sum- 
marized as follows. 

One milliliter of plasma was added under vigorous agitation to 10 ml. of 
10 per cent trichloroacetic acid in a 15 ml. calibrated centrifuge tube. The pre- 
cipitate was allowed to settle for a few minutes and subsequently tightly packed 
by centrifugation. After decanting the supernatant, the precipitate was stirred 
with 5 ml. of 10 per cent trichloroacetic acid and centrifuged again. Subse- 
quently, after removal of the supernatant, the precipitate was dissolved in a 
few drops of IN NaOH, diluted with distilled water, and a suitable aliquot was 
taken for perchloric acid digestion and phosphorus determination. 

The foregoing method was originally devised for the determination of phos- 
pholipids containing radioactive phosphorus. It was then essential to remove 
the last bit of plasma inorganic radioactive phosphate. For the present purpose, 
however, it seemed much more important to simplify the procedure by the elim- 
ination of washing the trichloroacetic acid precipitate. In the development of 
the new method, 0.2 ml. of plasma was pipetted into 1, 2, or 3 ml. of distilled 
water. Then 1, 2, or 3 ml. of trichloroacetic acid were slowly added under con- 
stant agitation. When the supernatants had been decanted, some of the pre- 
cipitates were immediately digested with perchloric acid; others were first washed 
onee, twice, or three times with 3 ml. portions of 10 per cent trichloroacetic acid. 

It soon became apparent that only two of these procedures were consistently 
in agreement with the results obtained by alcohol-ether extraction. One of them 
(Table I, Column 1) was practically identical with the method developed earlier 
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for radioactive plasma phospholipids.’ The other procedure (Table I, Column 
2) differed in the initial amounts of water and 10 per cent trichloroacetic acid 
used and in the absence of any washing of the trichloroacetic acid precipitate. 
As may be seen, the values for phospholipid phosphorus are the same in both 
trichloroacetic acid precipitations; thus it seems preferable to use the simpler 
procedure where washing of the precipitate is eliminated. 


TABLE I. PHOSPHOLIPID PHOSPHORUS OF Doc AND HUMAN PLASMA IN TRICHLOROACETIC ACID 
PRECIPITATES AND ALCOHOL ETHER EXTRACTS 


j ar ,COHOL ETHER _ 
EXTRACT 





TRICHLOROACETIC ACID PRECIPITATE 





PLASMA 1* (MG. %@) 2t (MG. %) | (MG. %) 
~ Dog A a ——  -) —_ a 

B 14.7 14.8 14.9 
C 15.0 15.4 15.7 
D 7.9 8.0 7.8 
E 6.2 6.2 5.6 
F 10.0 9.7 8.8 
G 10.0 9.7 9.1 

Human C.AE$ SY _ 8.7 9.0 
L.M.C.4 7.9 7.9 8.6 
W.R.B.} 9.1] 9,1] 9.4 
R.C.A.} S.1 S.2 S.4 


; *0.2 ml. of plasma and 2 ml. of water to which 2 mil. of 10 per cent trichloroacetic acid 
is added. The precipitate is washed once with 3 ml. 10 per cent trichloroacetic acid. 
: +0.2 ml. of plasma and 3 ml. of water to which 3 ml. of 10 per cent trichloroacetic acid 
is added. No washing. 

¢Fasting blood sample. 


As a further check on the adequacy of the last-mentioned procedure, radio- 
active phosphate was mixed with a few milliliters of dog plasma in vitro. Two- 
tenths of a milliliter of plasma was then pipetted into 3 ml. of water and 3 ml. 
of 10 per cent trichloroacetic acid were added slowly. After centrifugation and 
decanting of the supernatant, only about 5 per cent of radioactivity remained 
with the trichloroacetic acid precipitate. Since the normal concentration of 
plasma inorganic phosphate is approximately one-half that of plasma phospho- 
lipid phosphorus, this observation would indicate that the lipid phosphorus 
values obtained by the trichloroacetic acid precipitation should be 2 to 3 per cent 
high. No such consistent error is apparent from the data shown in Table I or 
Table II. It is therefore possible that some compensatory loss of phosphorus 
from the trichioroacetie acid precipitate occurs because of hydrolysis or inecom- 
plete precipitation. 

RESULTS AND CONCLUSIONS 


In Table If the phosphorus values of (1) duplicate precipitations of 0.2 ml. 
of plasma with trichloroacetic acid by the present method and (2) duplicate 
aleohol ether extractions of 2 ml. of the same plasma are compared in thirty 
patients. In the last column the percentage difference between the results of 
the two methods is recorded. The three largest errors (7.6, 7.6, and 9.2 per cent) 
occurred, as is to be expected, at the low phospholipid concentrations. 

As may be seen from Table II, there is no consistent difference between the 
values obtained by the two methods, and in nearly all determinations the in- 
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dividual differences are less than 5 per cent. Repeated determinations on the 
same patient by the present trichloroacetic acid method agree within 2 per cent 
(Nos. 21 to 23, 24 and 2). 

TABLE II. PLASMA PHOSPHOLIPIDS AS DETERMINED BY ALCOHOL ETHER EXTRACTION AND 

TRICHLOROACETIC. AcID PRECIPITATION 
PHOSPHOLIPID PHOS- | 
PATIENT | PHORUS (MG. % ) | 
aie ALCOHOL | | PER CENT 
| ETHER | TCA | DIFFERENCE 
EXTRACT PRECIPITATE| BETWEEN 

NO. INITIALS | DIAGNOSIS (1) (2) 1(1) AND (2) 
I M.C. Ectopic pregnancy | 8.7 8.6 | —1.1 
2 Va. Ante partum 13.5 13.0 Sf 
3 EK. W. Post partum 12.2 12.0 —1.6 
f R. P. Cesarean section | 10.5 10.1 | 3.8 
5) N. B. Post partum 10.5 9.9 | 5.7 
6 L. M. D. Eclampsia 10.6 10.8 | +1.9 
7 h..8. Early labor 12.7 12.7 0.0 
Ss | B.C. Prolonged labor 9.5 9.7 2.1 
9 L. C. Incomplete abortion 9.3 9.3 0.0 
10 G. R. Pvometritis | es 10.8 t4.9 
1] R.G. Threatened abortion 6.1 6.6 +7.6 
ee G. W. Incomplete abortion 9.0 9.5 19.6 
13" A.M. T. Jaundice 1337 Ls-7 0.0 
14° L. 8. Infectious hepatitis | 24.6 24.1 -2.0 
15 RE 2» Amebic liver abscess 8.2 8.0 —2.4 
16% Ss OF Infectious hepatitis | 10.6 11.1 +4.7 
17 Dy EH: Arteriolar nephrosclerosis 11.4 11.9 $4.5 
18 a. 0, Multiple Myeloma 8.3 8.5 +24 
19 W.F. Premenstrual tension Lied FEO +3.9 
20) H. P. Infant diarrhea (6 mo.) | 5.4 5.9 +92 
21t A Gs Infant diarrhea (11 mo.) 5a 5.6 1.8 
22 J.S. Infant diarrhea | 55 5.6 1.8 
23 J. 5. Infant diarrhea 5.4 - 
24t N..R. Infant diarrhea (11 mo.) 5.8 6.0 3.4 
25t N. R. Infant diarrhea Def D0 3.0 
26 L. B. Infant diarrhea (1 yr.) 5.3 5.6 +5.7 
27 Kk. G. Infant diarrhea (8 mo.) 5 5.6 +7.6 
28 WC. Infant diarrhea (6 mo.) 8.1 8.0 —1.2 
29 Paes: Infant diarrhea (6 mo.) 1.6 1.8 4.3 
10 W.C. B. Infant diarrhea (6 mo.) 5.7 3.8 +1.8 

Average 9.1 9.2 
*Patient known to be in postabsorptive state. 
7Determinations done on consecutive days. 





In view of the foregoing findings it seems that the trichloroacetic acid 
method for the determination of plasma phospholipids* has decided advantages 
over other methods which employ extraction with fat solvents: 

1. The determination of plasma phospholipids by trichloroacetic acid pre- 
cipitation is much faster than that of the conventional solvent extraction meth- 
als. Six plasma phospholipids can be determined easily in duplicate in one 
and a half hours. 

2. All quantitative transfers have been eliminated. As long as the pipetting 
of plasma is accurate, there is practically no chance for errors. This was 
brought out by the close agreement between duplicate determinations. 


*Since this method has been used only in man and dog, its acceptability for other species 
hould not be assumed. 
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3. By the present method the acid-soluble phosphates as well as the phos- 
pholipids can be determined in as little as 0.2 ml. of plasma. 
4. The inconveniences of the routine use of fat solvents have been eliminated 
in the preseni method. 
SUMMARY 


1. A method is presented in which plasma phospholipids can be determined 
in 0.2 ml. of plasma. 

2. The method is simpler and more rapid than methods involving the use 
of fat solvents. 

3. In addition to phospholipid phosphorus, the method lends itself to the 
determination of inorganie plasma phosphate. 


The authors are indebted to Dr. J. P. Quigley and Miss V. V. Cole for their helpful sug 
gestions in the preparation of this manuscript. 
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DETECTION OF PROSTATIC ACID PHOSPHATASE IN SERUM BY 
THE ALCOHOL INACTIVATION TECHNIQUE 


Ki. H. Benstey, M.D., PHyLuis Woop, B.Sc., Saute MITCHELL, B.SC., 
AUDREY DRYSDALE, B.Sc., AND DAPHNE LANG 
MONTREAL, CANADA 


ERBERT' reported that inactivation by ethyl alcohol provided a specific 

test for prostatie acid phosphatase in sera free from hemolysis. She found 
that treatment of one volume of serum with two-fifths volume of alcohol for 
one-half hour at room temperature inactivated the prostatic enzyme without 
affecting other acid phosphatases. Prostatic phosphatase could therefore be 
detected by estimating acid phosphatase activity before and after treatment of 
serum with aleohol. Herbert pointed out that hemolyzed sera must not be 
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used, since red cell acid phosphatase resembles the prostatic enzyme in suscept- 
ibility to inhibition by aleohol. Abul-Fadl and King,’ although agreeing that 
this procedure may at times assist in the detection of prostatic phosphatase, did 
not find aleohol inactivation to be a specific test for this enzyme. They observed 
marked inhibition of serum acid phosphatase by alcohol in some of their cases of 
nonprostatie disease and also showed that red cell phosphatase may escape into 
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| the serum even in the absence of detectable hemolysis. 

Our experience with the alcohol inactivation technique is here reported. 
| Five hundred and fifty analyses were made in 481 cases. The group comprised 
76 cases of prostatic carcinoma (116 tests), 141 cases of benign prostatic ade- 
noma or hypertrophy (142 tests), and 264 cases of miscellaneous diseases not 
involving the prostate gland (292 tests). 


METHODS 


Serum, free from hemolysis, was separated from ihe clot and the estimation begun within 
two hours of collection of the blood. Total acid phosphatase was estimated by the Gutman 
technique and expressed in units as defined by the Gutmans.3 Alcohol inactivation involved 
the following changes in this technique. Four tenths milliliter of 95 per cent ethyl alcohol 
was added to 1.0 ml. of serum and the mixture was allowed to stand for one-half hour at room 
: temperature. Seven tenths milliliter of this mixture was then added to 10 ml. of buffer sub- 
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strate solution. After incubation at 37 ’. for three hours, 4.3 ml. (instead of 4.5 ml.) of 
diluted phenol reagent were added. Inclusion of alcohol and reduction of the volume of 
diluted phenol reagent were found to have no effect on color development of controls. 

Abul-Fadl and King? showed that inclusion of 0.5 per cent formaldehyde in the buffer- 
substrate-serum mixture eliminates error due to contamination of serum with red cell acid 
phosphatase by completely inactivating this enzyme. To determine if such contamination was 
interfering with our estimations, alcohol inactivation was done in sixty tests with and without 
inclusion of formaldehyde in the buffer-substrate. The mean falls in acid phosphatase activity 
fue to aleohol with and without formaldehyde were 0.65 and 0.57 unit per 100 ml. of serum 
respectively. Contamination of sera with red cell acid phosphatase was therefore not a sig- 
nificant souree of error in our technique. 

From the Department of Metabolism and Toxicology, the Montreal General Hospital. 
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Selection of Cases.—Tests were done in a wide variety of miscellaneous diseases, but in 
selecting cases preference was given to Ciseases of the prostate gland, bone, and liver. Adults 


only were studied; the minimum age was 21 years. 


RESULTS 

I, Sera With Normal Total Acid Phosphatase Activity.—Normal values of 
total acid phosphatase have been found to be 1 to 4 units. Aleohol inactivation 
was applied to 481 sera with total values in this range (Table 1). Differences 
between inactivations met with in prostatic eareinoma and other diseases were 
too small to permit certain identification of prostatic phosphatase by this pro- 
cedure. 
PABLE I, RESULTS OF ALCOHOL INACTIVATION APPLIED TO SERA WITH NORMAL VALUES OF 

ToTaL ACID PHOSPHATASE 


NUMBER OF TESTS 
PHOSPHATASE INACTIVATED BY laiogwING INACTIVA 


ALCOHOL TION OF 2.0 UNITS 
NUMBER OF (UNITS PER 100 ML, OF SERUM) lor MoRE PER 100 
TESTS MEAN MAXIMUM ML. OF SERUM 
Prostatic carcinoma 67 0.6 9.3 | 
Benign prostatic disease 142 0.5 2.2 1 
Nonprostatic disease 272 0.4 2.1 o 


IT. Sera With Total Acid Phosphatase Activities of 5 to 8 Units per 100 
Milliliters.—Values of 5 to 8 units are met with in both prostatic carcinoma and 
nonprostatie diseases. Alcohol inactivation was applied to thirty-six sera with 
total values in this range (Table Il). The results show a striking difference be- 
tween inactivations found in prostatic carcinoma and other diseases. Inactiva- 
tions of more than 2.8 units per 100 ml. were found in prostatic carcinoma only 
and therefore indicate the presence of prostatic phosphatase. Inactivations of 
2.8 units per 100 ml. or less occurred in both prostatic carcinoma and nonpro- 
static diseases and therefore have no diagnostic significance, 

TABLE II. RESULTS Or ALCOHOL INACTIVATION APPLIED TO SERA Witt Toran ACID 

PHOSPHATASE VALUES OF 5 TO 8 UNITS PER 100 ML. 


NUMBER OF TESTS 
PHOSPHATASE INACTIVATED BY SHOWING INACTIVA- 


ALCOHOL TION OF 2.0 UNITS 
NUMBER OF | (UNITS PER 100 ML, OF SERUM) on MorE PER 100 
TESTS | MEAN | MAXIMUM ML. OF SERUM 
Prostatic carcinoma 16 3.6 OS 13 
Nonprostatic disease | 20 0.5 2.8 2 


III. Sera With Total Acid Phosphatase Activities of 9 Units or More per 
100 Milliliters.—In our experience, values of 9 units or more have been met 
with in prostatic carcinoma only.' Alcohol inactivation was applied to thirty- 
three sera with total values in this range. In every instance, treatment with 
alcohol lowered phosphatase activity to within or slightly above normal values. 
The amounts inactivated were always much greater than the maximum of 2. 
units found in diseases other than prostatic carcinoma. 
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SUMMARY 


1. The results of 550 aleohol inactivation tests for prostatic acid phos- 
phatase in serum are presented. 

2. A study was made of the effeets of alcohol, with and without inclusion 
of formaldehyde in the buffer-substrate. This showed that contamination of 
serum by red cell acid phosphatase was not a significant source of error when 
serum, free from hemolysis, was separated from red cells within two hours of 
collection of the blood. 

3. Prostatic phosphatase could not be identified with certainty by alcohol 
inactivation in sera with normal total acid phosphatase activities. 

4. Alcohol inactivation may serve to detect prostatic phosphatase in serum 
when total acid phosphatase activity is above the normal range. High inae- 
tivations (more than 2.8 units per 100 ml. of serum) were found in prostatic 
carcinoma only and therefore indicate the presence of prostatic phosphatase. 
Lower inactivations (2.8 units or less per 100 mi. of serum) oceurred in a 
variety of diseases and have no diagnostie significance. 

The authors wish to express their obligations to Dr. F. S. Patch, Consulting Urologist, 
Dr. R. E. Powell, Director of the Department of Urology, and the many other members of the 
staff of the Montreal General Hospital who assisted in the selection of cases and permitted 
us to make full use of their clinical material. Grateful acknowledgment is also due Miss 
Thelma Todd and Miss Elsie Munro who collected the blood samples. 
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EFFECT OF VARIOUS TYPES OF HEMOLYTIC AGENTS IN THE 
COMBINED DETERMINATION OF OXYGEN AND CARBON 
DIOXIDE IN BLOOD 


ALVIN J. CUMMINS, M.D., JoHN IX. CLARK, M.D.,* ARCHER P. CROSLEY, JR.,t 
AND Haro._p G. BARKER, M.D. 
PHILADELPHIA, PA. 


N THE standard method for determination of oxygen in blood, hemolysis of 


red cells is obtained by addition of saponin. If oxygen is determined alone, 
either as content or capacity, the reagents are added in neutral solution. When, 
however, oxygen and carbon dioxide are to be determined simultaneously, a 
combined reagent containing saponin and lactie acid is used. Recently Hiller, 
Plazin, and Van Slyke? have reported that some commercial saponins give low 
results when used as hemolysins in the determination of oxygen alone, where 
presumably a neutral reagent was used. Kahlbaum saponin, infusions of senega 
roet, quillaja soap bark, and root soapwort gave satisfactory results. They also 
reported satisfactory simultaneous determinations of oxygen and carbon dioxide 
using Kahlbaum saponin, senega root, or root soapwort as hemolytie agents with 
a combined reagent containing lactic acid. They did not, however, give data 
concerning the results obtained with different saponins using the latter reagent. 
It is the purpose of the present communication to describe experiments which 
were done to determine whether the same discrepaney in hemolyzing power of 
saponins exists when a combined reagent containing lactic acid is used, as is the 
practice in our laboratory. 

REAGENTS 

1. Sodium hydroxide, 1N air-free solution. 

2. Combined reagent: 50 ¢.c. 0.89 per cent saponin; 8 c.c. 1N lactic acid; 1.6 Gm. potas 
sium ferricyanide; 42 c.c. distilled water; and 3 drops caprylie alcohol. 

3. Oxygen absorber, air-free solution: 40 ¢.c. IN potassium hydroxide, and 8.8 Gm. 
of a mixture composed of 10 Gm. of sodium hydrosulfite and 1 Gm. of sodium anthraquinone 
beta sulfonate. 

4, Caprylie alcohol. 

METHODS 

Human blood was used in all instances. For determinations of oxygen content, arterial 
blood was obtained in 10 e.c. quantities in heparinized 10 ¢.c. syringes into which an addi- 
tional 1 ¢.c. of mercury was drawn; the syringe then was capped and kept in ice until ready 
for use. The syringes containing mercury were shaken for three minutes before filling 
rubber-tipped, 1 ml. Ostwald pipettes, used for transferring the blood to the extraction 
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chamber. For studies of oxygen capacity, 20 ¢.c. of heparinized venous blood were intro- 
duced into a large tonometer and rotated in room air for at least one hour before filling 
the pipettes. 

The manometric method of Van Slyke and Neill1 for the combined measurement of 
oxygen and carbon dioxide was used for all determinations, The pressure of the gases was 
read at the 2 e.c. volume. 

The composition of the combined reagent was varied by using different types and 
concentrations of saponin. In some of the procedures, no saponin or hemolytic agent was 
added, and in others the lactic acid was omitted, an equivalent volume of distilled water 
being substituted. All determinations were made at least in duplicate. 


RESULTS 

In Table I are shown the values obtained for oxygen capacity when using 
various types and concentrations of saponin in both acidified and neutral ‘*com- 
bined reagents.’’ When lactic acid was omitted, oxygen values varied with the 
amount and variety of saponin. This finding is in agreement with that reported 
by Hiller, Plazin, and Van Slyke.2 When, however, an acidified reagent was 


TABLE [. EFFECT OF VARIOUS TYPES AND CONCENTRATIONS OF SAPONIN ON THE DETERMINATION 











OF OXYGEN CAPACITY WITH AND WITHOUT LAcTIC ACID 
| OXYGEN CAPACITY IN | OXYGEN CAPACITY IN 
VOL. % WITHOUT | VOL. % WITH 
| LACTIC ACID IN LACTIC ACID IN 
BLOOD | HEMOLYTIC SUBSTANCE USED AND | REAGENT — | _—~-REAGENT — 
NUMBER | CONCENTRATION IN FINAL REAGENT | DUPLICATES | MEAN | DUPLICATES | MEAN 
eer ote ee SRT Ce Tee 
l Amend saponin—0.30% 15.36 15.39 | 20.79 20.76 
15.42 : 20.72 q 
1 JAmend saponin—10% | 16.00. |) OES pre 
;Amend saponin—1.0% 16.00 16.04 ou.ey 20.69 
16.07 20.73 
a No hemolyzing agent—water and) 13.95 
zi... ly ng agent—water md | 1 3.99 14.00 | 20.7 20.75 
; ferricyanide 14.05 20.70 
2  |Amend saponin—0.45% | 16.42 —- | 2. ~~ oy 
P ti — 16.45 — 20.45 
| 16.48 | 20.46 
2 |Merck saponin—0.45% | 17.28 17.32. | 20.40 20.43 


| 17.36 20.46 


used, similar values were obtained with all types and concentrations of saponin. 
Indeed, when no hemolyzing agent was used at all, in an acidified reagent, the 
results were adequate although the cheeks between duplicates were not quite as 
good, possibly because such a mixture with blood yields a thick, viscous mate- 
rial from which the liberation of gas may be erratic. 

The results obtained using various types and concentrations of saponin in 
a combined reagent containing lactic acid for the determination of carbon dioxide 
and oxygen content are equally satisfactory. 


CONCLUSIONS AND SUMMARY 


The values for blood oxygen obtained by the manometric method of Van 
Slyke and Neill' are independent of the type and concentration of hemolyzing 
substance used when lactic acid is added to the reagent and the procedure ear- 
ried out as for the simultaneous determination of carbon dioxide and oxygen. 
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Apparently the lactic acid in a combined reagent, in combination with one of the 


varieties and concentrations of saponin reported here, is sufficient to produce 
total laking of the blood cells and consistent values for blood oxygen. 
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